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PREFACE

THIS
book has been written, after study of the

schedule framed for the guidance of candidates

for the International Diploma of Agriculture, to be

used by students who are reading for examinations

in Agriculture, though it may be found useful to

others.

The writer has utilised the descriptions of the

soils formed above the various British strata which

are given in Mr. H. B. Woodward's admirable

Geology of England and Wales, to which he refers

his readers for further information concerning the

British strata. He also offers his thanks to the

author of that work for leave to make use of those

descriptions.

The writer's thanks are also due to Mr. R.

Etheridge, F.R.S., and to Messrs. Charles Griffin and

Co., who are respectively editor and publishers of

the late Professor Phillips' Manual of Geology, for

permission to use the Geological Map of the British

Isles which is inserted in that work. This map,
with slight alterations, forms the frontispiece to the

present volume.

J. E. M.

CAMBRIDGE, January, 1903

3G5780





CONTENTS
CHAPTER PAGE

I. INTRODUCTION i

SECTION I

STUDY OF THE COMPOSITION AND
STRUCTURE OF ROCKS

II. ROCKS : THEIR NATURE CLASSIFICATION OF ROCKS 9

III. ROCK-FORMING MINERALS fc . . . 32

IV. THE IGNEOUS ROCKS . . . . 41

V. THE SEDIMENTARY ROCKS . . . . 49

VI. THE DIVISIONAL PLANES OF ROCKS . 59

VII. ON CERTAIN CHANGES WHICH ROCKS HAVE UNDER-

GONE SINCE THEIR FORMATION . 73

SECTION II

THE OPERATIONS OF GEOLOGICAL AGENTS

VIII. WEATHERING . . 81

IX. THE FORMATION OF SOIL . , 93

X. AGENTS OF TRANSPORT AND DEPOSITION . . 102

XI. AGENTS OF TRANSPORT AND DEPOSITION (continued) 120

XII. AGENTS OF TRANSPORT AND DEPOSITION (concluded) 129

XIII. EARTH - MOVEMENTS, VOLCANOES, AND META-

MORPHISM . . 135



viii CONTENTS

SECTION III

GEOLOGICAL SURVEYING
CHAPTER

XIV. GEOLOGICAL MAPS AND SECTIONS

XV. GEOLOGICAL MAPS AND SECTIONS (continued]

PAGE

143

182

SECTION IV

STUDY OF THE STRATA OF THE BRITISH ISLES

IN THE ORDER IN WHICH THEY WERE FORMED

XVI. PRELIMINARY REMARKS UPON THE STRATA . .213

XVII. THE PRECAMBRIAN AND LOWER PALEOZOIC ROCKS 230

XVIII. THE UPPER PALAEOZOIC ROCKS . . . 246

XIX. THE SECONDARY ROCKS , . . 264

XX. THE TERTIARY ROCKS . . . . 288

XXI. WATER-SUPPLY . . . . . 296

XXII. MATERIALS DERIVED FROM ROCKS WHICH ARE

USED FOR IMPROVING SOILS . . . 307

INDEX . . . 3 J 3



LIST OF ILLUSTRATIONS

1. Section through a portion of the Earth's Crust. Showing
modes of occurrence of Igneous Rocks . . .13

2. Section across a Dyke . . ... 14

3. Vesicular structure in Lava . . .

'

. 17

4. Porphyritic Structure * , . . .18
5. Flow-structure in Lava . .

'

v .
. 19

6. Sphgerulitic Structure . . ... 20

7. Perlitic Structure . . .

"

. 21

8. Cubic Crystal . . . . . . 26

9. Regular Octahedron . . ... 26

10. Tetragonal System . . . . . 27
11. Trimetric System . . . . 27
12. Monoclinic System . . . . 27

13. Triclinic System . . * . . 27

14. Hexagonal System . . . . 28

15. Quartz Crystal attached to a piece of Rock . . 34
1 6. Orthoclase Felspar. Plagioclase Felspar . > . -36
17. Rhomb of Calcite. Showing lines and faces of cleavage . 39
1 8. Planes of Stratification . . . . 6 1

19. Quarry showing Stones removed along Joints . . 65
20. Section of Fault . . . . . . . 66

21. Section of Fault. Showing irregular fissure filled with fault-

breccia . . . . . '67
22. Particles . . .

'

. . . 69

23. Block of Slate . . . . . 70

24. Foliated Rock . . . . . . 71

25. Aureole of Metamorphism around Igneous Rock . . 75

26. Section of Septarian Nodule . . 77

27. Diagrammatic Section showing formation of Soil . . 94
28. Base-line of Erosion . . . . . 109

29. Meanders of Stream . . . . 112

30. Establishment of temporary Base-lines . . .113



x LIST OF ILLUSTRATIONS
FIG. PAGE

31. Plan of River and Tributaries. Showing gorges in hard

rocks and wide valleys in soft rocks . . .114
32. Section across Valley showing River-terraces . . 117

33. Section across filled-in Lake-basin . . 118

34. Plan of Glacier . . . . 122

35. Glacial Boulder . . . . . . 124

36. Roche Moutonnee . . . . . 126

37. Section showing Transport and Deposit of Sediment . . 131

38. Plan of Shore, showing effect of Groyne . . 134

39. Section through a Volcano . . 137

40. Piece of Schist . . . . . 139

41. Strata showing Dip and Strike . . . 145

42. True and Apparent Dip . . . . . 147

43. Compass-clinometer . ... 148

44. Sections of Anticlinal Folds . . . . 150

45. Plans of Anticlinal Folds . . . . . 151

46. Sections of Synclinal Folds . . . . 152

47. Plan of Synclinal Fold . . . . . 152

48. Compound Folds . . . . 153

49. Section of Overfolded Beds . . . . 1 54

50. Plans of Domes , . . . . 154

51. Plans of Basins . . . 155

52. Section of Overlap * . . 155

53. Section of Unconformity . . . 156

54. Plan of Northumbrian, and Yorks Derby and Notts Coalfields 157

55. Section of Unconformable Overlap . . . . 158

56. Diagram of False Bedding . . . . 159

57. Section showing variations in width of Outcrops owing to

different inclinations of Beds . . . .160
58. Section showing variations in width of Outcrop of Bed with

varying slope of ground . . . . .161
59. Sections showing variations in width of Outcrop of Bed with

sloping ground . . . 162

60. Sopwith's Models . . . . 164

61. Plan of Outcrop of Stratum . . 166

62. Plan of Escarpment and Outliers . . 167

63. Section showing Escarpment and Outlier of hard Beds resting
on softer Beds, the Bed of the Outlier being folded into a

Basin . . . 168

64. Section of Fault . . . 169

65. Sections showing throw of Faults . . 170

66. Normal and Reversed Faults . . . .171
67. Normal and Reversed Faults. Normal and Reversed Mono-

clinal Faults . . . 172



LIST OF ILLUSTRATIONS xi

FIG. PAGE

68. Plan of Fault-fissures . . . . 173

69. Section showing Step-faults . . . . 174

70. Section across Bed affected by Trough-faulting . 175

71. Section in Jarrovv Colliery showing Faults . . . 177

72. Plan of Faulted and Denuded Anticline, showing Outcrops
of a single Bed f . . . 178

73. Sections of Strike-faults .

'

. . . 179

74. Plan of Strike-fault represented in Section in Fig. 73 (A) . 180

75. Plan of Strike-fault represented in Section in Fig. 73 (B) . 181

76. Plan and Sections of Horizontal and Inclined Laccolites . 187

77. Vertical Section . . . 189

78. Horizontal Section . . . 190

79. Map showing actual Rock-exposures . . . 191
80. Map restored from data given in Fig. 79 . . -193
81. Section of Fig. 80 . . . .> . 199
82. Completed Section of Fig. 80 . . ... . 199

83. Completed Section of Fig. 80 . . . 200

84. Depth of Bed . . . ... 203

85. Outcrop and Thickness of Bed . ... 205
86. Depth and Thickness . . ... 207

87. Horizontal Displacement by Fault . . . . 207
88. True and Apparent Dip . . ... 209

89. Sections across England . . ... 227

90. A Trilobite ( Olenus) . . ... 236

91. Section from Menai Straits across Snowdon . . . 239

92. Graptolites . . . . . . 241

93. Atrypa reticularis . . ... 245

94. Sections across Coral , . , . 251

95. Section across the Pennine Chain from the Lancashire
Coalfield to that of Yorkshire . . . . 254

96. Crinoid Plates in Limestone . . . . 259

97. A Goniatite . . . ... 260

98. An Ammonite . . . ... 275

99. A Belemnite . . . ... 276
100. Section across the Weald . ... 279
101. Ananchytes ovatus . . . . . 285
1 02. Section showing formation of Springs . . . . 297

103. Section showing conditions favourable to sinking Artesian
Wells . . 300

104. Section of Faulted Strata showing conditions favourable
for Artesian Well . . ... 302





AGRICULTURAL GEOLOGY
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CHAPTER I

INTRODUCTION

THE
student of agriculture is no doubt chiefly

concerned with the thin covering of soil which

in so many parts of the land conceals the solid rocks

beneath
;
but a knowledge of these rocks is by no

means useless to him. In the first place, much of

the material which composes the soils is derived from

the underlying rocks, and therefore varies according
to their composition. The soil of a country composed
of chalk is very different from that of an area where

red sandstone is the prevailing rock, or of one in

which clay is found beneath the soil.

Again, the degree in which the underlying rocks

are pervious to water is important, not only on

account of the influence which is exercised upon the

soil above a porous rock causing the soil to be

drier than a less porous one but also because of

the dependence of water-supply on the porosity of

the underlying rocks. An acquaintance with the

elementary facts of geology, and with the general

principles of the science, may often save a farmer the

B



2 AGRICULTURAL GEOLOGY

trouble and expense of securing the services of an

expert in order to obtain a supply of water.

Many of the rocks which compose the earth's

crust are serviceable to the agriculturist, or contain

substances which are of service to him. It is useful

to be able to know what rocks may be utilised for

building purposes, for road-metal, and for fertilising

the soil.

Should he find it necessary to make road-cuttings,

or to excavate pits or quarries on his property, it is

important that he should have some acquaintance
with the nature of the divisional planes which

traverse rocks.

Lastly, although he is not directly concerned with

the mineral substances which may exist beneath his

land, which are not useful for agricultural purposes,

the knowledge of the distribution of substances like

coal and ores may prove to bevery serviceable.

For such reasons the subject of geology has been

rightly included among those subjects of which a

knowledge is required by candidates for an agri-

cultural diploma. It is obvious, however, that much

which may be of interest and importance to the

student who pursues the study of geology for its

own sake, or to one who is concerned with it mainly
on account of its bearing upon the discovery of

valuable minerals and ores, is of no importance to

the agriculturist, and therefore it is not necessary for

him to follow in detail the various branches of the

science as they are treated in ordinary geological

text-books.

The student of agriculture should, in the first
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place, possess a knowledge of the general characters

and composition of the mpst important rocks, and

should study the nature of the divisional planes

which affect those rocks. When studying this part

of the subject he should be made acquainted with

the properties of those rocks which are suitable for

building-stones or for road-metal, as well as of those

which yield important fertilising substances.

A general acquaintance with the work of various

geological agents, such as frost, wind, rain, and rivers,

is important, and a knowledge of the work of these

agents will tend to render clear the conditions which

bring about and control soil-formation and water-

supply.

The movements which have tilted and broken the

rock-layers in many parts of the earth should be

then considered, and a knowledge of the effects of

these movements will enable the student to under-

stand the mode of construction of geological maps,
for the interpretation of these is a matter of very
considerable importance.
As the nature of soils is often dependent, to a

considerable degree, upon climatic conditions, a brief

consideration of the effects of climate upon soils will

be of use. It may be here observed that though
a study of meteorology does not come directly within

the domain of the geologist, it is so important to

the student of agriculture that some attention might
well be devoted to it, though it cannot be considered

in the present work. Those who are concerned with

agriculture are usually so well versed in the signs

of the sky as indicating changes of weather, that
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they are particularly well qualified to study coming

changes by combining the results of the observations

with the intelligence which they can obtain from a

study of barometric changes and from perusal of

published weather charts. It would be well if those

who desire to reap the full benefit of their power of

foretelling the weather would peruse some work

like the book upon Weather, by the Hon. R. Aber-

cromby, published as one of the "
International

Scientific Series." 1

It is the province of the geologist to attempt to

write a connected account of the history of the earth

by studying the various rocks in the order in which

they have been formed. This order is of subsidiary

importance to the agriculturul student, who, however,
should know something of the differences which

characterise the rocks of different ages in his

own country. This knowledge will be more easily

obtained and retained if the rocks be studied in

definite order. As rocks of one age differ very

considerably when traced from one country to

another, it cannot be expected that anyone desirous

of obtaining a knowledge of geology as bearing

upon agriculture should burden his memory with

details concerning the rocks of all regions of the

earth's surface, and it is recommended that inhabitants

of the British Isles should confine their attention

almost exclusively to the rocks which exist in these

islands. Fortunately, the geology of the British

1 Weather: A Poptilar Exposition of the Nature of Weather Changes

from Day to Day. By the Hon. Ralph Abercromby. London : Kegan
Paul, Trench, Trubner, and Co.
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Isles is, to a great extent, an epitome of the geology
of the world, so far as this is known to us, and it

will only be necessary to supplement a study of

the rocks of Great Britain by occasional reference

to those of other lands which supply materials of

economic importance, such as fertilisers.

In the present work it is proposed to treat of

the subject in the order outlined in the preceding

paragraphs. This order may be rendered clearer if

we divide the subject into three groups, as follows :

(i) The study of the composition and structures

of rocks,

(ii) The study of geological agents and their

effects,

(iii) The study of the rocks and their included

fossils in the order in which the rocks were

deposited.

It is inevitable that portions of the different groups
should overlap to some extent, but an attempt will

be made to avoid any needless repetition.





SECTION I

THE STUDY OF THE COMPOSITION
AND STRUCTURES OF ROCKS





CHAPTER II

ROCKS: THEIR NATURE CLASSIFICATION
OF ROCKS

geologist is accustomed to speak of any
JL aggregate of mineral particles as a rock, with-

out any reference to its hardness or state of

coherence
;
thus a loose sand is to him a rock, as

well as a hard granite. According to this definition,

soil would be classed as a rock. The geological

surveyor, however, is induced to separate the "
solid

rocks
"
beneath from the "

superficial accumulations
"

above, and although this separation cannot be rigidly

carried out, for in some regions no sharp line can

be drawn between the two groups, it is readily

applicable in nearly all parts of Britain
;
and as it

is one which is peculiarly important to the student

of agriculture, it will be generally adopted in this

treatise; and when special intimation is not given,

the term rock will be applied to the "solid rock"

of the earth's crust, and soils, alluvia, glacial deposits,

and similar incoherent accumulations will be con-

sidered as "superficial accumulations." These in

many places form, as it were, a blanket over the

solid rocks, and a special term has been adopted
for them by some American writers

;
but in a work
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like the present it is unnecessary to make excessive

use of technical terms and to insist upon too rigid

definitions, and the above distinctions will be found

sufficient for practical purposes.

Rocks are divided into two great groups, the

Igneous rocks, which have consolidated from a state

of fusion, like granite and basalt, and the remainder,

which have been formed as accumulations and

deposits at the earth's surface, above or below water,

though especially below the sea. The latter are

variously named Aqueous rocks, Sedimentary rocks,

or Stratified rocks. Objection may be made to each

of these terms, as not including certain rocks which

are non-igneous ;
but for our purposes any one of

the terms is sufficient, though the term Stratified is

perhaps least open to objection, and will be adopted.
A difficulty may be felt in grouping the rocks

which are formed by ejection from volcanoes in a

solid though fragmental condition, such as volcanic

ashes. For our purpose it will be convenient to

include these under the head of Igneous Rocks,

which they closely resemble in composition.
A third group of rocks is sometimes introduced

under the title of Metamorphic rocks. These have

undergone much alteration since their formation.

Since both igneous and stratified rocks have been

metamorphosed, it is unnecessary to make a special

group for these rocks, though something must be

said concerning their characters.

It is supposed that the earth was at one time a

mass of liquid rock, and that on cooling it became

consolidated, at any rate so far as its crust is con-
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cerned. According to this view, the rocks which

were first formed upon the earth's surface must

have been igneous rocks, and any subsequently
formed stratified rocks must have been formed of

materials derived directly from igneous rocks, or else

indirectly from them, owing to. the breaking up of

other sediments. It is true that some constituents

of rocks might be derived from the sea-waters or

from the atmosphere, but these constituents play a

minor part in the formation of sediments.

In order, therefore, that we may understand the

significance of the composition of the sedimentary

rocks, it behoves us, at the outset, to consider the

characters and composition of the various igneous
rocks.

IGNEOUS ROCKS

The classification of igneous rocks is made by

taking into account their chemical composition and

their physical characters, and it will be convenient

if we consider the physical characters at the outset,

and afterwards pass on to a discussion of the

chemical composition of this group of rocks.

The most important differences among igneous

rocks, with regard to their physical characters, are

dependent upon the conditions under which they
have consolidated, and a short reference must there-

fore be made to these conditions.

Firstly, we may note that whereas some rocks are

poured out in a molten condition at the earth's sur-

face as Extrusive rocks, others have consolidated

beneath the surface. Of the latter a large number
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have undoubtedly been forced, when in a molten con-

dition, between pre-existing solid rocks, and have

subsequently cooled
;
these are Intrusive rocks. In

addition to these there are masses of rock which,

having been once molten, may have consolidated in

the position in which they were when they became

melted, without having been forced away to other

places. These rocks cannot, strictly speaking, be

termed intrusive, though they resemble the true in-

trusive rocks in many respects, and we will not dwell

further on their distinction from those rocks. Some
of the rocks which have consolidated beneath the

surface have become solid at a much greater depth
than others. The rocks which have consolidated at

a great depth are known as Plutonic rocks. They
often occur in great masses, frequently many miles

in diameter. The exact nature of these masses is

still to some extent obscure. As examples of such

plutonic masses, we may instance the granites of

Devon and Cornwall, of Wicklow, and of many parts

of Scotland. These masses often possess offshoots,

resembling, in the manner in which they pierce the

surrounding rocks, the igneous rocks which have been

intruded at a higher level. In Fig. i an attempt is

made to show the modes of occurrence of the igneous
rocks at varying levels, and as little is known con-

cerning the bases of the great plutonic masses, no

attempt is made to show the base of such a mass in

this diagram.
Between the plutonic rocks and the rocks which

are formed at the surface of the earth we observe in

the diagram a group of rocks which are spoken of as
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Intrusive^ rocks (though true intrusive rocks are also

associated with the plutonic and the volcanic groups).

The intrusive rocks have been forced among pre-exist-

ing solid rocks, and they naturally take advantage of

the planes of weakness existing in these rocks in the

form of bedding-planes and various cracks. If they

T P

SECTION THROUGH A PORTION OF THE EARTH'S CRUST.

Showing modes of occurrence of Igneous Rocks.

The thin horizontal lines with broken vertical lines are

drawn through Sedimentary Rocks ;
the Igneous Rocks

are represented by crosses. The parts V V above the

former earth's surface show Volcanic Rocks. The portion

between P P represents Plutonic Rocks. The parts

marked by crosses between these exhibit Intrusive Rocks.

D Dykes. Ve Veins. S= Sills. La= Laccolite.

Vo= Volcano. VP= Volcanic plateau. N= Neck.

L= Lava-flow.

The scale of the Dykes and Veins is much exaggerated, and

that of the Plateau diminished.

consolidate along vertical, or nearly vertical, cracks,

they are termed dykes, and form wall-like masses, as

seen in Fig. I and more clearly in Fig. 2. Should

they be forced along horizontal, or nearly horizontal,

planes, they are termed sills when the upper and

lower surfaces are practically parallel, and laccolites if

the mass of igneous rock assumes a mushroom-shaped
1 The term is here used in a more limited sense than when used on

p. 12.
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outline. When strings of igneous material are forced

more or less irregularly through the rock, these strings

are called igneous veins. Lastly, should igneous rock

consolidate in the pipe of a volcano, it is termed a

volcanic neck. Such a neck will be a more or less

vertical, cylindrical plug of igneous rock, and it will

be surrounded by the rock of the volcano in its higher

portion, and by the rocks on which the volcano rests

in its lower part.
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may be made with reference to the depth under which

these rocks have consolidated. From what has been

said it will be gathered that this classification is only
a rough one, but it will be found sufficient for our

present purpose. It now remains for us to consider

the physical differences in the rocks themselves, which

are due to the differences of condition under which

they have consolidated.

If we melt a piece of granite, which is crystalline

rock, in a furnace and allow it to cool very rapidly, it

will consolidate as a piece of glass. If, on the other

hand, we melt a piece of glass and allow it to cool

with extreme slowness, though it will not resemble

granite, it will not be glass, but will possess a crystal-

line structure. From these experiments we learn

that molten material may assume the crystalline or

glassy condition when cooled, according to the rate

of cooling. Further experiments on various sub-

stances would show that, other things being equal,
the slower the rate of cooling, the larger would be the

crystals which were formed. Now as a rule the

greater the depth from the surface, the slower would

be the rate of cooling of a molten rock
;
and accord-

ingly we may expect to find the coarsely crystalline

rocks occurring chiefly in the case of the plutonic

group, more finely crystalline rocks among those of

the intrusive group, and very finely crystalline and

glassy rocks among the volcanic group and this

is what we actually do find. The plutonic rocks are

all holocrystalline, that is, entirely crystalline : no glass
occurs in a plutonic rock.

A crystal is bounded by natural faces, which are

symmetrically arranged with reference to certain lines
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known as axes. A perfect crystal must have room

in which to grow, and the first-formed crystals of a

rock could grow freely in the liquid mass, and may
possess the proper crystal outline characteristic of the

mineral
;
but the later-formed crystals cannot grow

freely, as they are obstructed by those already formed,

and must accommodate their outlines accordingly.

Therefore no igneous rock is composed of perfectly

formed crystals. The crystals are either partly perfect

and partly imperfect or all imperfect.

There are certain structures which are found in

volcanic rocks, and to some extent in intrusive rocks,

which are absent from plutonic rocks. These will be

noted when we describe the characters of the volcanic

rocks.

The intrusive rocks are also chiefly holocrystalline,

though the crystal grains are usually smaller than

those of the plutonic rocks
;
and in some cases glass

is found, especially towards the margins of the rock-

masses.

The volcanic rocks may be crystalline or glassy.

The great bulk of glassy rocks which have been dis-

covered are volcanic, and when the rocks are crystal-

line the crystals are often minute, so that they cannot

be detected by the naked eye.

There are a number of other features characteristic

of or occurring chiefly among volcanic rocks, which

may be conveniently noticed here.

Igneous rocks contain a greater or less amount of

water, which under great pressure retains the liquid

form, even when at a very high temperature. As the

liquid rock rises towards the surface, and the pressure
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is diminished, this water may flash into vapour ;
and

if the vapour cannot escape, a more or less globular

cavity will be formed within the rock. As the water

is frequently scattered through the rock in minute

droplets, each of which gives rise to one of these gas
cavities on the vaporisation of the water, the cavities,

or vesicles^ as they are termed, may be thickly scat-

tered through the rock, as shown in Fig. 3, when the

VESICULAR STRUCTURE IN LAVA.

The black portions represent the vesicles.

rock is termed vesicular, or, if the vesicles are very

abundant, pumiceous, as pumice furnishes a typical

case. These vesicles are very frequent in volcanic

rocks, especially on the upper and under surfaces of

lava-flows, and they occasionally occur in the intrusive

rocks also, but, as already stated, never in plutonic

rocks.
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In ancient rocks the vesicles are often filled with

some mineral which has been introduced into the

cavities by infiltration. These minerals are often of a

white colour, and the rock appears as though studded

with almonds
;
hence these rocks with refilled cavities

are called amygdaloidal rocks.

In lavas, and to some extent in intrusive rocks,

large crystals are frequently found embedded in the

glassy or finely crystalline ground-mass, as shown in

FIG. 4.

PORPHYRITIC STRUCTURE.

The light portions are porphyritic crystals.

Fig. 4. These large crystals are termed phenocrysts,

and a rock containing them is said to be porphyritic.

The phenocrysts were formed at an earlier stage of

consolidation than the ground-mass, when the fluid

rock was more deeply seated, and the material could

therefore consolidate more slowly.

Volcanic rocks and, more rarely, intrusive rocks

possess various structures known as flow-structures,

due to differential movement of the fluid-mass during

its transference from one place to another. If clots

of different structure or composition are found in the
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fluid-mass, these may be dragged out into long, ribbon-

like strips, running parallel to the direction of flow.

In this way a banded structure is produced, as shown
in Fig. 5, where the bands have subsequently been

bent into sharp folds as the result of further move-

ment of the mass. Minute crystal bodies, known as

microlites, may also be arranged with their longer

FIG. 5.

FLOW-STRUCTURE IN LAVA.

axes lying parallel to the direction of flow, and when
a rock is porphyritic, the rnicroliths may be observed

streaming round the phenocrysts as bits of straw would

stream round either side of a stone projecting from the

water of a flowing brook. Again, the vesicles are

often dragged out into ellipsoidal hollows, having their

longer axes lying parallel with the direction of flow,

and the amygdaloids resulting from the infilling of

these cavities naturally possess the same shape.

Certain flow-structures resembling to some extent

the banded structures found in volcanic rocks occur

also in plutonic rocks, as the result of movements



20 AGRICULTURAL GEOLOGY

prior to the consolidation of those rocks, and may
readily be confused with structures produced after

consolidation as the results of earth-movement.

Two other structures which are mainly found in

volcanic rocks are known as sphcerulitic and perlitic

structures. Sphczrulites (Fig. 6) consist of crystal

rods arranged radially around definite centres, and

giving rise to more or less spherical masses in the

FIG. 6.

SPHCERULITIC STRUCTURE.

rock. If the sphaerulites are numerous and contigu-

ous, they may interfere with one another, forming

polygonal boundaries. The sphaerulites are often

arranged in definite bands in the rock. They may
be of very different sizes

;
a common size is that of a

pea, though giant sphaerulites are often much larger.

Perlitic structure (Fig. 7) is also marked by the

existence of sphaeroidal bodies in the rock. These

are curved cracks produced by contraction of the

rock round definite centres.

Having now noticed the principal distinctions

between the rocks of the volcanic, intrusive, and

plutonic groups, we may proceed to consider how
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the rocks may be grouped by reference to differences

of chemical composition.
It has been stated that a rock is an aggregate of

mineral particles ;
but in order to understand this

definition we must have some conception of the

significance of the term mineral. A mineral may be

defined as a homogeneous inorganic substance having

FIG. 7.

PERLITIC STRUCTURE.

a definite chemical composition and constant physical
characters. To determine a mineral, therefore, we

may either ascertain its chemical composition or its

physical characters, or both of these. A mineral may
consist of a chemical element, as sulphur or native

iron, or of a compound of two or more elements.

The elements are divided into two groups, the

metals and non-metals. The metals and non-metals

may combine with oxygen to form oxides. The oxides

of the metals are called basic oxides, or, more com-

monly, bases. Those of the non-metals form acid
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oxides (for our purpose acids). Acids and bases may
act upon one another to form salts, which are com-
binations of acids and bases. The non-metallic oxide

which forms the acid component of the great bulk of

rocks is the oxide of silicon, or silica. There are

several bases, as soda, potash, alumina, lime, magnesia,
and iron oxides. Igneous rocks are therefore divided

into acid and basic groups, the former containing a

much larger percentage of silica than the latter. For
the purpose of classification a further subdivision is

useful, and accordingly we adopt the following
divisions for igneous rocks :

Acid rocks contain 65-80 % of silica.

Intermediate f sub-acid 60-65
rocks \ sub-basic 55-6o

Basic rocks 45-55
Ultrabasic rocks contain less than 45

By taking into account the chemical composition
and the conditions of consolidation of igneous rocks,

we may classify them as in the following table :
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In this table the names of the commoner and more

representative rocks only are given. The student

of petrology is concerned with the study of a large

number of rocks, many of which are of extreme

rarity ;
but for our present purpose a study of the

most typical members of each division will be suffi-

cient to allow us to obtain some idea of the nature

of the great bulk of igneous rocks.

The names of many of the rocks mentioned in

this table were originally applied somewhat vaguely ;

and although attempts have been made to use

them with definite significations, writers are not

always agreed as to the precise aggregate of minerals

to which some of these names should be applied.

Each name, however, refers to a rock due to an

aggregate of mineral particles ;
and in order to

ascertain the nature of a rock we must be able to

identify its component minerals. A very large num-
ber of minerals are known to the mineralogist, but

many of them are very rare
;
and the student who

wishes to identify the common and important rocks

can usually do so if he is capable of making accurate

identifications of a few minerals, of which a list will

presently be given.

It was stated above that a mineral had a definite

chemical composition and constant physical charac-

ters, and accordingly we may utilise our knowledge
of either chemical composition or physical characters,

or both, in order to identify a mineral. The most

certain way of finding out is to observe the physical

characters, and also to ascertain the chemical com-

position of the mineral under consideration. The
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discovery of the chemical composition is usually,

however, a matter requiring much time and care, for

the different kinds of mineralsforming a rock must be

separated from one another often by difficult pro-

cesses and each subsequently subjected to analysis.

Geologists usually identify minerals as the result

of observation of physical characters only, but many
of these can only be studied successfully by examin-

ing thin rock-slices under a microscope.

Certain characters of minerals can often be noted in

hand-specimens, and it is to these that we must here

confine our attention. It must be distinctly under-

stood that in many cases the examination of physical

properties in hand-specimens gives but an uncertain

indication of the nature of the mineral which is being

inspected ;
the number of physical characters of a

mineral on which we can rely for its identification

is not very large, and accordingly more than one

mineral may possess the same characters as ob-

servable in hand-specimens. Hence it is that the

student of rare rocks containing uncommon minerals

has frequently to resort to chemical analysis. In the

case of the comparatively few minerals composing
the common rocks with which we propose to deal in

this volume, the rough-and-ready methods of identi-

fication based on the study of the mineral characters

as observable in hand-specimens must, however,

suffice.

Among characters of importance for identification

of minerals are hardness, lustre^ cleavage, crystalline

form, density, colour^ taste. Of these, the three first-

mentioned are the most generally useful, for crystalline
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form is not often noticeable except in the minerals

which have first consolidated
;
colour varies much in

the same mineral : for instance, quartz may be colour-

less, smoky, pink, or violet
;
and there are not many

minerals which possess a definite taste.

Other characters of which we sometimes make use

are the streak or colour of a powdered portion of the

mineral as seen when rubbed on a piece of white

paper or porcelain ;
and twinning, to which allusion

will be made when considering the characters of

felspars.

We may now proceed to discuss the mode of

utilising the different characters of minerals, in order

to determine the nature of the mineral
;
and although

crystalline form is not often of use in identifying the

minerals of igneous rocks, it will be convenient to

consider it at the outset.

CRYSTAL SYSTEMS. Every mineral has a definite

shape, possessing a certain degree of symmetry. It

consists of a geometrical form bounded by definite

faces ; corresponding faces need not necessarily be

of the same size, but the angle between corresponding

faces in different specimens of the same mineral is

constant. The faces may be regarded as being de-

veloped around certain lines which are spoken of

as axes of the crystals ;
and according to the nature

of these axes, all crystals can be referred to six

crystalline systems.

Suppose that we take a cube, which possesses six

square faces. If we take a point in the exact centre

of each face and draw lines between the points of
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opposite faces, we shall find that there are three such

lines of equal length at right angles to each other.

Fig. 8 shows a cube, the axes being indicated by
dotted lines, which is also the case with the figures

illustrating the other five systems. Minerals belong-

ing to the system which is characterised by crystals

possessing three equal axes at right angles to one

another are said to belong to the cubic system. Other

FIG. 8.

CUBIC CRYSTAL.

FIG. 9.

REGULAR OCTAHEDRON.

forms besides the cube belong to this system ;
for

instance, if the axes join the angles of the crystal

instead of the centres of the faces, we get the regular

octahedron, which has eight faces, each forming an

equilateral triangle (see Fig. 9).

Suppose that, the axes being all arranged at right

angles, as before, we add to one of the axes, so that

it is longer than the other two, and that we make the

addition in such a way that the other two axes cut

the long one in its centre
;
we still have three axes at

right angles to one another, but two are of equal

length, and the third is unequal to either of the

others. The third axis may be spoken of as the

vertical axis. Crystals built up around such an

arrangement of axes are said to belong to the

tetragonal system (see Fig. 10).
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The third system includes crystals, which are again
built up around three axes at right angles to one

another, but in this system known as the trimetric

system all the axes are of unequal length (Fig. 1 1).

>s
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FIG. 14.

HEXAGONAL
SYSTEM

The sixth system possesses four axes. The three

lateral axes are of equal length and make angles
of sixty degrees with one another. The vertical axis

is not equal to a lateral axis, and is at

right angles to the lateral axes. This

is the hexagonal system (see Fig. 14).

Space does not allow us to enter

into further detail concerning the shapes
of crystals belonging to the different

systems, but the student is recom-

mended, should he desire to pursue
this subject further, to obtain access

to a set of crystal models, and to study
them with the assistance of an ele-

mentary work upon crystallography or mineralogy.

HARDNESS. The mineralogist refers all minerals

to a scale of hardness, numbered from one to ten,

each number representing a particular standard

mineral.

The following, which is known as Moh's scale of

hardness, is that which is adopted :

1. Talc \ Scratch witrn

2. Rock-salt J finger-nail I
Scratched by a knife

3. Calcite easily.

4. Fluor-spar

1 Knife scratches with difficulty.
6. Felspar J

7. Quartz
\8. Topaz

9. Sapphire (

10. Diamond /

Cannot be scratched by a knife.
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The minerals with a hardness 8-10 are rarely met

with, and the student of rocks is chiefly concerned

with those numbered 1-7. A rough method of ob-

taining the degree of hardness is available by using
the finger-nail and a pocket-knife. Minerals may be

divided into (i) those which scratch with the finger-

nail
; (2) those which, not being scratched with a

finger-nail, can be easily scratched with a knife
;

(3) those which a knife will scratch with difficulty ;

and (4) those which cannot be scratched with a

knife.

The relationship of the hardness of minerals thus

determined to those represented in Moh's scale of

hardness is indicated in the above table.

The student may at first meet with some difficulty

in distinguishing those minerals which are scratched

by a knife with difficulty from those which will not

scratch at all, as the latter show a mark due to

particles of the knife adhering to them. He will do

well to practise with a piece of felspar, which is

scratched with difficulty, and a piece of quartz, which

cannot be scratched at all.

Let him grasp the knife firmly by the blade itself,

about a quarter of an inch from the point, press the

point as hard as he can against the mineral, and draw
the knife up and down two or three times, moving it

about a quarter of an inch each way. After a time

he will feel rather than see whether the mineral is or

is not being scratched. At first he should examine
the mineral with a pocket-lens at the place where the

scratch was attempted, in order to see whether a

scratch has actually been made, and he will ere long
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be able to judge without such examination whether

the mineral can be scratched.

LUSTRE is due to the light reflected from the surface

of a mineral, and depends upon the nature of the

surface. The principal lustres are glassy, pearly,

resinous, silky, adamantine, and metallic.

CLEAVAGE. Many crystals may break or cleave

more or less readily along certain planes which have

definite relationships to the crystalline axes of the

mineral. Thus crystals of galena will break up

readily along the faces of the cube
;

those of fluor-

spar along the faces of the octahedron. Observation

of the direction or directions of the cleavage is

of considerable importance in the determination of

minerals. The directions are usually detected more

easily in microscopic sections than when viewed with

the naked eye or through a pocket-lens.

In addition to the directions, it is important to note

the degree ofperfection of the cleavage. Thus quartz
has practically no cleavage ;

mica has perfect cleav-

age in one direction.

When a crystal has no cleavage, or an imperfect

cleavage, the fracture depends upon the nature of

the mineral. Thus quartz has a conchoidal fracture

(resembling the curved surface of a bivalve shell) ;

other minerals have an uneven fracture, which when

jagged is spoken of as hackly.

TWIN-CRYSTALS. If a simple crystal be bisected

along some plane, and one half turned round, so that

it presents the appearance of the other half as viewed

in a mirror when held vertically to the mirror and



CLASSIFICATION OF ROCKS 31

viewed obliquely, and the two halves be now united

along the plane, a twin-crystal is the result. Such

crystals may often be recognised by the existence of

a re-entrant angle (i.e. an angle of more than 180),

which never occurs in the case of a simple crystal.

Broken twin-crystals may often be detected by an ex-

amination of their cleavage faces. Twins are noticed

here because the two kinds of felspar, which are of

importance from the part they play in our present

classification of igneous rocks, may often be dis-

tinguished from each other by examination of their

twin-planes, as will be more fully noticed when these

minerals are described.

SPECIFIC GRAVITY. The specific gravity of a

mineral is its weight as compared with that of an

equal bulk of distilled water, which is taken as unity.

In accurate determination of minerals, their specific

gravity is of importance. A few minerals, as sul-

phate of barium, known as heavy spar, may be dis-

tinguished from similar minerals by their weight,

when merely handled, but this test is not often of

use.

COLOUR, as already stated, is not often sufficiently

constant in any mineral to aid in its identifica-

tion. Several of the metallic ores, however, possess

definite colours.

Other characters, as streak, taste, and smell, are of

no great importance, except in certain cases, and it is

not necessary to discuss them here.



CHAPTER III

ROCK-FORMING MINERALS

THE principal minerals which enter into the

composition of igneous rocks may be divided

into four groups, viz. silica, felspar, ferro-magnesian

minerals, and ores. The minerals of these groups

vary in their acidity, the first being acid, the last

bases, and the intermediate ones salts.

The minerals of igneous rocks are spoken of as

original when formed during the consolidation of the

rock, or secondary if formed after its consolidation.

The more basic the rock, the more basic are its

original minerals. Thus ultrabasic rocks consist of

ferro-magnesian minerals and ores
;
basic rocks of the

more basic felspar, ferro-magnesian minerals, with

the frequent addition of ores
;
the intermediate rocks

of these, with the frequent substitution of an acid

felspar for a basic one
; and, lastly, the acid rocks

alone contain free quartz as an abundant original

constituent.

The recognition of these facts may assist the

student in his determination of rocks. For instance,

if he is in doubt as to whether a particular mineral

is quartz or olivine, and has reason to suppose the

32
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rock is acid, the mineral will be quartz ;
whereas if

the other evidence points to the rock being basic, the

mineral is more probably olivine.

We may now proceed to an enumeration and

description of those rock-forming minerals with

which the student of agricultural geology may be

expected to possess some acquaintance. It need

hardly be pointed out that it is necessary that the

student should acquire this acquaintance by exami-

nation of the actual minerals, both as individual

specimens and, in the case of those which in com-

bination with other minerals form rocks, by study
of the rocks of which they form constituents.

In the following list the minerals on the left-hand

side are specially found as original constituents of

igneous rocks, while some of those on the right may
be secondary constituents of these rocks, or may
occur chiefly in metamorphic rocks or sediments.

Quartz.

Felspar.

Mica.

Amphibole.

Pyroxene.
Olivine.

Apatite.

Magnetite.

Rock-salt.

Gypsum.
Nitre.

Kainite.

Calcite.

Serpentine.

Pyrites.

In the following descriptions the letter H is used

for hardness.
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DESCRIPTION OF MINERALS

QUARTZ. Composition, silica (SiO2). Crystallises

in the hexagonal system, the crystals usually con-

sisting of hexagonal prisms (pr), terminated by

pyramids (py) (Fig. 15). No cleavage: fracture con-

choidal. H = 7 (will not scratch with a knife). Lustre

vitreous. Transparent to opaque. Pure quartz is

^

FIG. 15.

QUARTZ CRYSTAL ATTACHED TO A PIECE OF ROCK (r).

colourless ;
when opaque, milky white. It may, how-

ever, be coloured by various substances, and thus

appear yellow, brown, rose-coloured, or purple ;
in

rocks it often forms grains of a grey colour.

FELSPAR. Composition^ double silicate ofalumina

and of a metal of the alkalies (or alkaline earths).

H = 6 (scratches with difficulty). Lustre usually
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pearly. Colourless, or white, pink, green, etc.

Usually opaque, occasionally translucent.

The group of felspars is of great importance. They
are subdivided according to (i) crystalline form, (ii)

composition. The most important division for our

purpose is made with reference to crystalline form.

Some felspars belong to the monoclinic system, and

others to the triclinic system. Common monoclinic

felspar is known as orthoclase, as it possesses two

fairly perfect cleavages at right angles to one another.

Plagioclase felspars belonging to the triclinic system
are so called because the principal cleavages are not

at right angles. The two types may often be dis-

tinguished by examination of the cleavages of twin-

crystals. In orthoclase crystals a line often runs down
the centre of a fractured surface, and the crystal

appears lustrous on one side of this surface and dark

on the other, when held so that the light is reflected

from one face
;
while plagioclase is often twinned

frequently, and a broken crystal appears, as though
ruled by dark lines parallel to its length (see Fig. 16).

Orthoclase is an acid felspar, while most of the

plagioclase felspars are more basic than orthoclase.

The alkali metal which occurs in orthoclase felspar

is potassium, and this felspar is therefore a double

silicate of potassium and aluminium, and is com-

monly spoken of as potash felspar. The plagioclase

felspars contain soda, lime, or both, and are spoken
of as soda, soda-lime, lime-soda, and lime-felspars,

these names being arranged in order of the acidity
of the minerals, the soda felspar being the most acid

of the four.
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Orthoclase felspar is usually pink or white
; plagio-

clase felspar rarely pink, often white or greenish. Pla-

gioclase felspars often occur in lath-shaped crystals.

1

HI

FIG. 1 6.

a. Orthoclase felspar, showing twinning.

b. Plagioclase ,, ,, ,,

The felspars are of considerable importance to

students of agriculture on account of the constituents

which they furnish to soil, as will be explained in

the sequel.

MICA. Composition, hydrated silicates of alumina

and potash, or alumina, magnesia, and iron. Crystal-

lises in the monoclinic system, but simulates minerals

of the hexagonal system. Has one very perfect

cleavage parallel to the base of the hexagon, and thus

can be easily split into thin, elastic flakes which are

often six-sided. H = 2-3. Lustre metallic. There are

two groups of mica, the white micas and the black
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micas. The principal species belonging to the former

is muscovite, a potash-mica of a greyish colour with

silvery lustre, while the commonest black mica is

biotite, a magnesia-iron-potash mica black, with a

metallic lustre.

AMPHIBOLE. Composition,lime-magnesiasilicates,

with iron, alumina, etc., occurring in some varieties.

It crystallises mainly in the monoclinic system ;

crystals six-sided, often long. Two cleavages, which

cross one another at angles of 120 and 60 (approxi-

mately). H = 5-6. Lustre metallic or horny. Colour

usually black, sometimes green or brown. A common

amphibole of the igneous rocks is hornblende.

Needle-shaped forms of the species actinolite are

frequent in metamorphic rocks.

PYROXENE.1

Composition similar to that of horn-

blende
;
also crystallises in the monoclinic system.

Crystals eight-sided, often short. H =
5-6. Lustre

and colour as in hornblende. In many cases it is

very difficult to distinguish this mineral from amphi-
bole

;
the student should then speak of the mineral

as pyroxene or amphibole.

OLIVINE. Composition, silicates of iron and mag-
nesia. Crystallises in the trimetric system. Cleavage

imperfect, and therefore breaks with a conchoidal

fracture. H=6. Lustre vitreous. Colour usually

olive-green. It often occurs in grains in igneous

rocks, and resembles quartz ;
but as its usual colour

is very unusual in quartz, it may be practically dis-

1

Augite is a common form in igneous rocks.
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tinguished by its colour, and, as already stated, by
its occurrence in basic or ultrabasic rocks.

APATITE. Composition, phosphate of lime, with

some chloride or fluoride of lime. Crystallises in

the hexagonal system. H =
5. Colourless and glassy,

or opaque and coloured green or pink. Occurs in

small crystals in many igneous rocks, and in large

crystals in certain metamorphic rocks, which are also

probably of igneous origin. Non-crystalline phos-

phates of lime are found in deposits, and are im-

portant to the agricultural student. These phosphates
are most readily detected by a chemical test, solutions

giving a deep yellow precipitate with a solution of

ammonium molybdate.

MAGNETITE is simply mentioned here as one of

the ore-constituents of igneous rocks, and need not

be described. These ore-constituents usually occur in

exceedingly small crystals in the common igneous
rocks which contain them, and can seldom be de-

tected with the unaided eye, or even with a lens.

We may now proceed to consider those minerals

of importance to us which are seldom or never found

as original constituents of igneous rocks.

ROCK-SALT. Composition, chloride of sodium.

Crystallises in the cubic system. Soluble in water.

Recognised by its taste. H = 2 (can be scratched

with the finger-nail). Occurs in deposits, often

associated with gypsum and beds of sandstone and

mudstone
; frequently coloured red. The salt itself

(colourless when pure) may also be coloured by

impurities, and is often yellow or red.
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GYPSUM. Composition, hydrated sulphate of lime.

Crystallises in the monoclinic system. Readily

cleaves, furnishing flexible, inelastic flakes. H =
1*5-2

(can be scratched with the finger-nail). Lustre

satiny. Transparent to opaque. White, or coloured

by various impurities. Often occurs in deposits, fre-

quently in fibrous masses. Anhydrous sulphate of

lime is known as anhydrite, which crystallises in the

trimetric system and has a hardness of 2-5-3-5.

FIG. 17.

RHOMB OF CALCITE.

Showing lines and faces of cleavage.

CALCITE. Composition, carbonate of lime (CaCo3).

Crystallises in the hexagonal system. Perfect

cleavage into rhombohedra (Fig. 17). H =
3 (can

be easily scratched with a knife). Lustre pearly.

Effervesces with dilute acids. Colour white when

pure. Transparent to opaque.
Occurs as a secondary constituent in igneous

rocks
;

also in mineral veins. Carbonate of lime

is widely distributed in beds in the crystalline or

amorphous condition..
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SERPENTINE. Composition, hydrated silicate of

magnesia. Will be considered as a rock.

IRON PYRITES. Composition, iron bisulphide

(FeS 2). Crystallises in the cubic system, generally as

cubes, often as octahedra. Faces of the cubes often

striated. H =
6-6*5. Lustre metallic. Colour brass-

yellow. Rarely found as an original constituent of

igneous rocks. Frequently found in sediments as

crystals, or radiating fibrous aggregates.



CHAPTER IV

THE IGNEOUS ROCKS

THE
rocks mentioned in the table (p. 22) will

be described here with those variations which

are of importance. The rocks will be described in

the order of their acidity, and in each division the

plutonic rocks will be first considered, and the

volcanic rocks last.

I. ACID ROCKS (65-80 % SiO2 )

(l) PLUTONIC

GRANITE. A holocrystalline rock consisting of

quartz, orthoclase felspar (often, also, some plagio-

clase), and a ferro-magnesian mineral, usually mica or

amphibole. The rock is coarse-grained to fine-grained,

but the individual grains are easily detected by the

eye. The mica usually crystallises first (and hence

often presents definite crystal outlines), then the

orthoclase, and lastly the quartz, which thus occupies
interstices between the other minerals. The mica

may be muscovite or biotite, and both are sometimes

present. The felspar is usually pink or white.

Porphyritic crystals of felspar frequently occur.

The best - known British granites are those of

41
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Devon and Cornwall, including the Dartmoor granite,

the granites of Eskdale and Shap, in the Lake Dis-

trict, the hornblendic granite of Charnwood, in

Leicestershire, that of the Cheviot Hills, those of

Aberdeen, Mull, and Crifell in Scotland, and of

Donegal, the Mourne Mountains, Dublin, Wicklow,
and Wexford in Ireland.

(2) INTRUSIVE

QUARTZ-PORPHYRY. These rocks consist of por-

phyritic crystals of quartz and felspar embedded in

a ground-mass of fine-grained character composed
of the same crystals. A ferro-magnesian constituent,

as mica or hornblende, is usually present. The term

elvanite is sometimes applied to these rocks. Quartz-

porphyries are often found as dykes or sills in the

neighbourhood of granitic masses, though they may,
of course, occur when granite is not apparent at the

surface.

(3) VOLCANIC

RHYOLITE. Rhyolites may or may not contain

porphyritic crystals of quartz and felspar. The

ground-mass usually consists of microlites of felspar,

though glass is often present. The rocks often

exhibit flow-structures, such as banding, and perlitic

and sphaerulitic structures are frequently present.

FELSITE. Many of the ancient rhyolitic rocks of

Britain have undergone a change known as devitrifi-

cation, resulting in a more crystalline condition of

the ground-mass. These rocks are frequently spoken
of ttfelsites (a term which has been used with some-
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what different significations). The British felsites

are either ancient lavas, or else they form dykes and

sills which are intrusive into the surrounding rocks.

They are found in many localities, among which we

may specially note the ancient volcanic regions of

Wales, the Lake District, and the centre of Scotland.

OBSIDIAN. A natural glass, breaking with a con-

choidal fracture
; usually black. It always contains

crystallites. It is found in abundance in some modern
volcanic districts, but not in Britain.

PUMICE is a glass in which the vesicular structure

is especially well developed.

II. INTERMEDIATE ROCKS
A. SUB-ACID

(1) PLUTONIC

SYENITE differs from granite in the absence (or

rarity) of quartz. It consists of orthoclase (often with

some plagioclase) and a ferro-magnesian mineral, as

amphibole or pyroxene, more rarely mica. Syenites
are not abundant in Britain.

(2) INTRUSIVE

QUARTZLESS PORPHYRY bears the same relation-

ship to syenite that quartz-porphyry bears to granite,

and needs no further notice here.

(3) VOLCANIC

TRACHYTE. The trachytes (so called from the

rough feel of many of these rocks) are to syenites what

rhyolites are to granites. They are consequently
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less acid than the rhyolites. They occur as lavas,

but are practically absent from Britain. Porphyritic

felspars often occur in them, especially a glassy variety
of orthoclase felspar, termed sanidine.

B. SUB-BASIC

(l) PLUTONIC

DlORITE consists of plagioclase felspar and amphi-
bole, though pyroxene is sometimes found, when the

rocks approach to gabbro in composition. The rock

is usually coarse-grained, or fairly so. In some
varieties of diorite free quartz is found, forming an

exception to the rule that it is characteristic of the

acid rocks. Diorites occur in England in Warwick-

shire, Leicestershire, and Cumberland
;

in Wales in

Anglesey and Carnarvonshire
;

also in the High-
lands of Scotland.

(2) INTRUSIVE

PORPHYRITE. This name has been used in many
different senses. It would perhaps be better to use

the term diorite-porphyrite for the rock placed in this

division. The rock consists of a purely crystalline

ground-mass of plagioclase felspar and a ferro-mag-

nesian mineral, usually amphibole or pyroxene, and

often contains porphyritic crystals of plagioclase.

Porphyrites are frequent among the lavas and dykes
of the old red sandstone rocks of Scotland.

(3) VOLCANIC

ANDESITE. The andesites consist of a ground-
mass of plagioclase felspar, often in lath-shaped crys-
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tals, and frequently associated with a ferro-magnesian
mineral. Porphyritic crystals are often found. They
may be formed of plagioclase and pyroxene or amphi-
bole. Quartz is present in some andesites.

Andesites are found among many of the ancient

volcanic rocks of Britain, e.g. North Wales, the Lake

District, and Scotland.

III. BASIC ROCKS

(1) PLUTONIC

GABBRO. A holocrystalline rock, composed of

plagioclase felspar and pyroxene. The rock is often

very coarsely crystalline, the pyroxenic constituent

being specially noticeable. The gabbros pass into

diorites on the one hand, and into ultrabasic rocks

on the other hand. The latter passage is marked by
the appearance of olivine as a constituent mineral.

Typical gabbros are found in the Lizard district of

Cornwall, at Carrock Fell in Cumberland, in Angle-

sey and Carnarvonshire, in many parts of Scotland,

especially in some of the western isles, as Skye and

Mull, and in the Carlingford district of Ireland.

(2) INTRUSIVE

DIABASE is an intrusive rock, which, containing the

same minerals as gabbro, is less coarsely crystalline

than that rock. The felspars of diabase frequently

possess their proper crystal outlines
;

this is not often

the case with typical gabbro. As in gabbro, so in

diabase, olivine may occur in addition to the plagio-

clase and pyroxenic constituents.
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Many sills and dykes in North Wales consist of

diabase. It also occurs in the Lake District. Olivine

diabases are found in the South of Scotland. The
well-known "

whin-sill
"

of the northern counties of

England is a quartz-diabase.

(3) VOLCANIC

DOLERITE and BASALT. These rocks consist of

plagioelase, pyroxene, and often olivine. Some writers

consider that the term basalt should only be applied

to those rocks in which olivine is present. Iron ores

are found in greater or less abundance. The dole-

rites are fairly coarse-grained, while basalts are fine-

grained to compact. The plagioclase usually occurs

in lath-shaped crystals. The rocks are black when

fresh, but when decomposed often assume various

shades of green, orange, and brown. Ancient dole-

rites and basalts are found in many parts of Britain.

The most extensive development is in Scotland and

Antrim, where great masses of lava of the Tertiary

Age occur, and are associated with numberless dykes
and sills.

TACHYLITE is the basic glassy rock which has a

chemical composition similar to basalt. It often

occurs as selvages to basaltic dykes.

IV. ULTRABASIC ROCKS

A great variety of ultrabasic rocks are known,
most of which are far from common. The best-

known is serpentine, which will alone be noticed

here.
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ginally consisted of olivine as the dominant mineral,

associated with a ferro-magnesian mineral and an ore.

Olivine is very liable to undergo alteration, which

causes marked physical change in addition to the

chemical change. The latter consists in the conversion

of silicate of iron into a hydrate, which frequently re-

mains in the rock as a colouring matter. The silicate

of magnesia is left, and forms the bulk of the rock,

which is now soft and earthy, with a soapy feel. The
colour varies, different shades of red and green

predominating. The various colours often occur in

spots and streaks, causing the rocks to possess

markings somewhat recalling those on the skin of the

serpent, from which, indeed, the rock takes its name.

The best-known British serpentines are those of

the Lizard district and of the South of Scotland.

Serpentine has been noticed here as being the

commonest representative of the ultrabasic rocks.

Strictly speaking, it is a metamorphic igneousrock,
and might have been considered with other meta-

morphic rocks, which will require special treatment

by themselves.

FRAGMENTAL VOLCANIC ROCKS

As the fragmental rocks which are ejected from

volcanoes in the solid condition, in pieces of varying

size, and collect upon the flanks in layers, possess the

same general composition as the igneous rocks from

which they are derived, and therefore yield similar

substances to the soil, they are most conveniently
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treated here. These rocks are spoken of collectively

as pyroclastic rocks, as the constituent fragments
are broken by the agency of heat, and not by the

weather or moving water, as in the case of the com-

ponent particles of the ordinary sediments. The pyro-

clastic rocks, like ordinary igneous rocks, may be of

acid, intermediate, or basic composition. They may
contain quartz, though the dominant fragments con-

sist of felspar and ferro-magnesian minerals. Many
of the fragments are lapilli

1 of lava, which may be

either crystalline or glassy. The fragments vary in

size. Large fragments are usually angular, and are

embedded in a ground-mass of finer material. The

pyroclastic rocks which contain these angular frag-

ments are known as volcanic breccias, or, in one word,

as agglomerates.

The particles composing the ground-mass of the

rock may also vary in size. At a distance from the

volcanic vents the very finest dust may accumulate.

Should it fall upon the sea-floor, it may enclose the

remains of varied organisms, and become fossiliferous.

The finer pyroclastic rocks are usually spoken of as

volcanic ashes. Many names are applied to varieties

of ash, but it is not necessary for us to consider them.

1
i.e. little stones.



CHAPTER V

THE SEDIMENTARY ROCKS

THE sedimentary rocks may be classified accord-

ing to their method of formation, in which case

they can be grouped as

(1) Mechanically formed,

(2) Chemically formed,

(3) Organically formed
;

or a classification may be based upon their com-

position. The latter mode of grouping is most

convenient to us in the present stage of our inquiry.

The following divisions of the sediments will be

adopted :

Arenaceous rocks, e.g. sandstones, grits.

Argillaceous rocks, e.g. mudstones.

Calcareous rocks, e.g. limestones.

Siliceous rocks, e.g. flint and chert.

Carbonaceous rocks, e.g. coal.

Precipitated salts, e.g. rock-salt and gypsum.

Two objections may be raised to this classification.

In the first place, it is clear that a rock may consist

of a mixture of the different constituents in various

proportions ; e.g. we may have calcareous sandstones.

E 49
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In these cases the rock may be considered under the

head of its more important constituent, unless its

constituents are of equal importance, when it must

be regarded as intermediate between the rocks of

two groups. The other objection is more serious,

namely, that the classification is based partly on

physical differences and partly on differences of

chemical composition. For instance, a mudstone

may have the same composition as a sandstone, but

be placed in the argillaceous division on account of

the small size of its component particles ;
while a

limestone may be composed of worn grains of car-

bonate of lime, in which case it is physically a sand-

stone, though chemically a limestone.

The classification is, in fact, merely provisional,

but for our purposes it will be found sufficient.

I. ARENACEOUS ROCKS

SAND, SANDSTONE. A rock consisting of grains

varying in size and shape. If the grains are very

small, the rock passes into a mud
;
and if large, into

a gravel or conglomerate. The variations in shape

depend on the conditions of formation. Desert sands

are often formed of rounded grains ;
lake sands, river

sands, and sea sands of angular grains.

The composition of the grains also varies. Chips
of minerals of all kinds may enter into the compo-
sition of sand. Quartz is the commonest component,
and many sands are pure, or nearly pure, quartz

sands. If much felspar be mixed with the sand, it is

termed arkose sand. When mica is found in spangles



THE SEDIMENTARY ROCKS 51

the rock is a micaceous sand. Pyroxene, amphibole,
and other minerals are frequent.

In chalk districts flint sand is often found
;

in

volcanic districts volcanic sand, composed of lapilli

of volcanic rock, occurs. Coral sand belongs to the

calcareous division.

Some sands contain grains of a green mineral

substance known as glauconite, which also occurs in

mud and calcareous rocks. It is of variable compo-
sition, consisting chiefly of silicates of alumina and

iron.

The cementing material of sandstones may vary.

Silica forms a common cement. If the grains are

united by carbonate of lime, the rock becomes a

calcareous sandstone. Various compounds of iron

occur as cements. At a considerable depth carbonate

of iron binds the rock grains together. The rock

then has a grey or blue-grey colour. At or near the

surface oxides or hydrates of iron are frequently
found as cements. The former often give a red

colour to sandstone, and the latter impart various

hues of yellow, orange, or brown.

CONGLOMERATE. A rock consisting of pebbles

usually accompanied by smaller grains, which fill the

interstices between the pebbles. The smaller grains

are very frequently sand, but the pebbles may also

be embedded in argillaceous or calcareous materials.

The pebbles are more or less rounded, and some-

times approach the spherical form. They may be

composed of any kind of rock, and in many con-

glomerates rocks of various kinds contribute to the
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pebbles. As quartz is very durable, pebbles of this

substance are very frequent, and if the majority of

pebbles are quartzose, the rock is a quartz-conglom-
erate. The cements of conglomerates are similar to

those of sandstones.

BRECCIA is a rock which differs from a conglomer-
ate in possessing angular instead of rounded pebbles.

Breccias may be formed as beaches on calm sea-coasts.

Bone breccias consist of fragments of bone, bits of

limestone, and other materials which have accumu-

lated upon the floors of caverns in limestone rocks.

II. ARGILLACEOUS ROCKS

CLAY, MUDSTONE. As the result of the decom-

position of felspars, a pure silicate of alumina may be

produced, known as kaolin or china clay, and the

term clay is sometimes used for rocks consisting

essentially of silicate of alumina, while very fine-

grained sediments of varying composition are known
as muds, or when consolidated, as mudstones. The
term clay is, however, generally applied to such

rocks, which consist of very minute chips of various

minerals, usually mixed with a considerable pro-

portion of silicate of alumina, the latter being due to

the decomposition of minerals containing aluminous

silicates associated with other silicates. Clays may
be consolidated by pressure only.

Many clays contain a certain proportion of alkalies,

especially potash, which, though small in quantity, is

of great importance to the agriculturist. The clays

beneath many coal-seams, known as underdays, con-
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tain a very small amount of alkali as compared with

other clays ;
hence they are much less fusible than

ordinary clays, and are adapted for resisting great
heat. Such clays are spoken of as fire-clays.

Clays are often coloured by the same materials as

sands. Red clays coloured by peroxide of iron are

sometimes termed red marls, though the term marl is,

strictly speaking, used of a rock consisting of clay
and some calcareous matter.

SHALE is a rock which is laminated ; that is, it is

marked by the possession of a number of bedding-

planes, separated from each other by very thin layers

of sediment. The rock accordingly splits into thin

pieces, and is very readily acted upon by the weather.

Most shales are clay-rocks, though sandstone shales

are by no means uncommon.

SLATE is a rock which is, strictly speaking, a meta-

morphic rock. It is a clay which does not split

along the bedding-planes, but along planes which are

due to lateral pressure having acted on the rock

subsequently to its formation. It is therefore much
more compacted than an ordinary clay. The planes
of fissility may lie at any angle to the planes of

original deposit. These cleavage-planes, as they are

termed, are usually at a high angle, or actually

vertical, though not always so.

III. CALCAREOUS ROCKS
Calcareous rocks consist essentially of carbonate

of lime, or of carbonates of lime and magnesia, the

latter being less common than the former.
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LIMESTONE. A term employed for any rock which

is mainly or entirely composed of carbonate of lime,

which may exist in the rock in a crystalline or non-

crystalline (amorphous) condition. These limestones

may be formed by chemical precipitation or by

organic agency, the latter being more common among
the sedimentary rocks. The principal lime-forming

organisms are : among plants, various calcareous

algae ; among animals, the foraminifera, corals, cri-

noids or sea-lilies, Crustacea, and mollusca. Some
limestones are formed exclusively, or nearly ex-

clusively, of one kind of organism, while many
consist of a mixture of the hard parts of various

organisms. These hard parts are often preserved in

the rock, but in many limestones the original organic

structure of the component organisms is largely or

entirely obliterated.

There are many varieties of limestone, differing

from one another in mode of formation or in their

characters, of which we may briefly notice the

principal.

CALCAREOUS TUFA. A chemical precipitate of

carbonate of lime deposited from springs or in inland

lakes which have no outlet. It is often markedly

crystalline. The pendent masses on the roofs of

caverns are termed stalactites, and the masses de-

posited on the floor of these caverns are known as

stalagmite.

CHALK is an earthy, amorphous limestone com-

posed of tests, or fragments of tests, of various

organisms.
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OOLITE. A limestone composed largely of spherical

or elliptical grains about the size of a pin's head and

resembling fishes' roe; hence the name. When the

grains are larger and about the size of a pea, the rock

is known as pisolite. The "
grains

"
of pisolite are

really the hard parts of lowly organisms.

MAGNESIAN LIMESTONE is a mixture of carbonates

of lime and magnesia in varying proportions. It is

sometimes termed dolomite, though this term should,

properly speaking, be used of the mineral in which

these two carbonates are found in definite proportions.

The rock is usually of a cream-yellow colour, and is

frequently marked by numbers of irregular hollows,

which give it a rough, cindery appearance.

CALCAREOUS MARL. A mixture of clay and car-

bonate of lime in varying proportions. The carbonate

of lime is often found in the form of shells of organ-

isms, when the deposit is known as shell-marl. Shell-

marls of this nature are frequently found beneath

peat-mosses, which occupy the sites of vanished

fresh-water lakes.

IV. SILICEOUS ROCKS

SILICEOUS EARTHS. Various recent or compara-

tively recent deposits of a siliceous nature, and of

incoherent character, may be spoken of under this

name. They usually consist of the hard parts of

plants known as diatoms, or of the tests of minute

animals termed radiolaria.



56 AGRICULTURAL GEOLOGY

FLINT, CHERT. Flint consists of silica formed

partly by organic agency and partly by chemical

action, associated with calcareous rocks. It may
occur in nodules, horizontal bands, or vertical tabular

masses. The best-known flint deposits are those of

the chalk, but flint being comparatively indestruc-

tible, fragments of it compose the bulk of many
gravels in a chalk district.

Chert has a similar composition, nature, and origin

to flint. It is usually less pure than flint. It is found

associated with many British limestones, and also

with other sediments.

V. CARBONACEOUS ROCKS

PEAT will be considered under the head of soils.

LIGNITE. A rock consisting of organic matter

containing carbon, hydrogen, oxygen, and nitrogen in

the following proportions : carbon, 67-68 % ; hydro-

gen, 5-5 % ; oxygen and nitrogen, 26-5-27-5 %, mixed

with a varying quantity of inorganic ash. It has a

woody texture, and exhibits vegetable structure.

BROWN COAL differs from lignite in the absence of

marked vegetable structure throughout the rock
;

it

also contains about 4-5% more carbon, with a corre-

sponding decrease in the proportion of oxygen and

nitrogen, the hydrogen remaining as before.

Lignites and brown coals are chiefly found in

Tertiary rocks. They are not common in Britain,

though they occur in the island of Mull and at

Bovey Tracy in Devonshire.
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COAL. A popular term which has been adopted in

rock nomenclature for a black rock of somewhat

similar origin to lignite and brown coal, though it

has undergone greater alteration than those rocks,

with loss of more of its volatile constituents. The
amount of hydrogen does not differ in a marked

degree in typical coals, varying from about 5 to 5*5%.

The other constituents vary considerably, the lowest

percentage of carbon being about 80, with oxygen
and nitrogen a little below 15%, while the highest

percentage of carbon is about 88, with less than 7%
of oxygen and nitrogen.

The best-known coals of this and other countries

occur in what are known as the Carboniferous Rocks,

and the organic matter of those coals is largely com-

posed of the remains of lycopodiaceous plants.

ANTHRACITE or STONE COAL is best known from

South Wales and Pennsylvania. In this rock the

hydrogen may be below 2%, the oxygen and nitrogen

from i to 3 %, and the carbon from 93 to over 97 %.

VI. PRECIPITATED SALTS

Various chemical precipitates are formed in the

waters of inland seas having no connection with the

open oceans, as in the Great Salt Lake of Utah, and

in many of the sheets of water of the Aralo-Caspian
Basin. They are also found in the ancient sediments

under conditions which point to their formation in

similar salt lakes of past times. In desert regions

salts are also formed in hollows where water does not
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permanently accumulate. These substances are in

many cases useful as fertilisers, and as they will be

again considered in the chapter which treats of natural

manures, we need not treat of them more fully here.

They consist chiefly of various chlorides, carbonates,

sulphates, and nitrates, especially of the alkalies and

alkaline earths.



CHAPTER VI

THE DIVISIONAL PLANES OF ROCKS

TO the student of geology the study of the

divisional planes of rocks is of prime im-

portance. The theoretical geologist utilises some

of these planes in the establishment of the sequence
of geological events. To the student of geological

economics they are of great practical value, as

assisting in quarrying, mining, water-finding, and

agricultural operations.

Some of these planes are limited to the stratified

rocks, while others affect both stratified and igneous

rocks alike. The principal divisional planes are

termed stratification-planes, joint-planes, fault-planes,

cleavage-planes, and foliation-planes. The first-named

are those which are confined to stratified rocks, and

they are the most important of all the planes, and

will be considered first.

I. PLANES OF STRATIFICATION
AND LAMINATION

The stratified rocks were laid down upon the earth's

surface, and especially upon the floors of water areas.

These floors, on a large scale, approach horizontality,

59
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and when highly inclined locally the deposits abut

against the slopes. At any particular time the surface

of a deposit will therefore tend to be a horizontal

plane. As planes of stratification mark such surfaces

under particular conditions they tend to have hori-

zontal surfaces, though subsequently to their formation

they may, and often do, become inclined at various

angles. A plane of stratification usually is, but need

not necessarily be, a plane of discontinuity. Imagine
a flat tract of sea-floor which is receiving a deposit
of sand, and that this sand accumulates to a certain

thickness, say two feet, when the supply of sand is

replaced by one of clay, which is laid down on the

top of the sand, and that after a foot of clay has

been deposited, sand is once more brought to the

tract and laid down on the top of the clay. The
accumulation of clay is spoken of as a bed or stratum,

and each of the accumulations of sand also forms

a bed. The divisional planes separating the clay

from the sands above and below are planes of stratifi-

cation or bedding-planes. If the supply of clay

suddenly succeeds the supply of sand, there may
be complete coherence between the sand-bed and

the clay-bed. A bedding-plane of this character,

which does not form a plane of discontinuity, can

only separate two dissimilar sediments. If the change
of sediment occurs after a pause, the lower bed may
be to some extent consolidated before the deposition

of the upper bed upon it. In this case there may
be absence of coherence between the two beds, and

portions of one bed may be readily separable from

the other along the bedding-plane. A bedding-plane



DIVISIONAL PLANES OF ROCKS 61

which forms an actual plane of discontinuity may
separate dissimilar strata, or it may separate two

precisely similar strata, as two beds of sand.

In Fig. 1 8 five beds are exhibited, numbered 1-5,

separated from each other by four planes of stratifi-

cation.

FIG. 1 8.

SECTION OF PLANES OF STRATIFICATION.

C/=Clay. L = Limestone. S= Sandstone. Co Conglomerate.

The conventional signs used in this section are

frequently used for the various kinds of sediment

which are exhibited, and the student should re-

member them.

Though the upper and lower surfaces of the beds

are, in most cases, practically parallel, owing to the

great horizontal extent of a bed and its small vertical

thickness, the planes eventually approach each other

as the bed thins out, and accordingly beds are really

lenticular deposits, in which the length of the lenticle

is usually a very large multiple of its thickness.

When the bedding-planes are very close together,

usually several in the thickness of an inch, they
are spoken as planes of lamination. Laminated beds

are termed shales, and, as already stated, shales are

chiefly laminated clays, though we also meet with
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laminated sandstones. When the beds are some-

what thicker than laminae, the thin beds are spoken
of as flags ; flags are usually arenaceous or calcareous.

In each case they may be mixed with a considerable

amount of clay.

II. JOINT-PLANES

Joint-planes, unlike planes of stratification, are

found in igneous and sedimentary rocks. In igneous
rocks some joints were formed during the consolida-

tion of the rock and others afterwards; in sedimentary
rocks all joints were formed after the deposition of the

rocks. Joints differ in character and also in origin,

but in all cases they form planes of discontinuity,

along which the rocks may be split. It is true

that at great depths the discontinuity is in many
cases not apparent, as the sides of the joints are

closely pressed together ;
near the surface, owing

especially to weather action, the joint -planes are

usually very apparent, and may even occur as actual

fissures.

In describing the variations among joints, it will

be convenient to consider, at the outset, the joints

found in igneous rocks, and then to refer to those

which traverse the rocks of sedimentary origin.

Of joints formed during the consolidation of

igneous rocks, columnar joints are among the most

remarkable. The well-known columns of basalt on

Stafifa and at the Giant's Causeway are caused by

joint-planes. These columns usually run at right

angles to the surfaces along which the rock com-

menced to cool, and therefore to contract. In a rock
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of uniform character they tend to become sym-

metrical, and to assume the hexagonal outline, for

there are only three regular figures which can be

placed together without interstices occurring between

them, namely, the equilateral triangle, square, and

hexagon, and of these the equilateral triangle has

the greatest periphery in proportion to the area and

the hexagon least
; consequently it is easier for the

rock to break into columns of hexagonal than of

square or equilateral triangular outlines. In other

cases the rock tends to break into plates along

joints which run generally parallel to the surfaces

of cooling. This platy-jointing is often useful as

rendering the rock easy to break into small pieces

for road-metal.

Many igneous rocks are traversed by systems of

joints, in which the joints of one system retain

general parallelism, often for considerable distances.

The rocks may break into cubical, rectangular,

rhomboidal, or prismatic pieces along these joint-

planes. As joints due to contraction of the rock

while cooling possess, as we have already seen, a

tendency to break into hexagonal columns, the

absence of hexagonal boundaries to the surfaces in

the case of cubical and other joints indicates that

these were not formed by cooling, but subsequently
to the consolidation of the rock. Many were, no

doubt, due to earth - movements acting upon the

solid rock. When a rock is stretched, it may yield

by rearrangement of the component particles, or it

may break, producing joints, and as no planes of

discontinuity are formed by deposit in the case
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of igneous rocks, it requires three sets of planes
to allow the stretched rock to adapt itself to the

new conditions.

The joints which traverse sedimentary rocks require

somewhat fuller consideration, from their very great

importance.

Sediments, like igneous rocks, undergo contraction,

not from cooling, however, but by loss of moisture

when drying, and joints are frequently produced in

this way, which may assume the columnar form,

though the columns are rarely as regular as those

of igneous rocks. The greater number of important

regular joints in sediments are generally considered

to be due to earth-movements. In the case of the

sediments one set of planes is already in existence,

viz. the bedding-planes, and two sets only are re-

quired to relieve tension. Accordingly the dominant

joints of sediments, or master-joints, as they are

termed, are usually found forming two sets, which

tend to occur in planes lying vertically to the bedding-

planes and trending in directions at right angles to

one another. When strata are inclined, one set of

joints is often found trending in the same direction

as that in which the beds plunge down into the

earth. This direction, as will be more fully ex-

plained eventually, is spoken of as the direction of

dip of the rock, and these joints are therefore spoken
of as dip-joints^ while the direction at right angles

to the direction of dip is spoken of as the direction

of strike of the rock, and joints which trend in that

direction are therefore termed strike-joints. When
strata are quarried the back of the quarry is often
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determined by one set of joints, frequently the

strike-joints, and the ends of the quarry by the other

set, frequently the dip-joints. In Fig. 19 the sur-

faces of a quarry are shown, and they are seen to

run parallel to the two sets of master-joints.

FIG, 19.

QUARRY SHOWING STONES REMOVED ALONG JOINTS.

The nearly horizontal lines indicate bedding-planes, and the

vertical faces joint-planes.

In addition to these master-joints, many minor

joints, of more or less irregular trend, often traverse

the sediments, and are useful for facilitating the frac-

ture of the rock into small pieces.

Just as these joints are utilised by man in his

quarrying operations, so, as will be more fully shown

in the next section, Nature makes use of them in

carrying out her quarrying operations.
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III. FAULT-PLANES

Should the beds be displaced on one or both
sides of a joint, so that the edges of each bed
do not join at the fissure, the beds are said to be

faulted. A diagram of a simple fault is shown in

Fig. 20. So far as the fissure is concerned, the fault

FIG. 20.

SECTION OF FAULT.

F F= Fissure.

does not differ in any marked respect from a joint-

plane, save for certain changes which occur along
the plane of fissure. The movement of one cheek

of the fissure along the other often gives rise to

parallel flutings of the sides, which may also be

polished, and may receive a film of deposit of

mineral matter upon them. Such flutings are spoken
of as slickensides. Not only is the rock bordering
the main fissure slickensided, but frequently also

the rock bordering neighbouring joint-planes. Should

the fissure be crooked, convex parts of the rock

may abut against each other, as shown in Fig. 21.
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Fragments of the rock are frequently broken off

during the movement and wedged in the open parts

of the fissure. These fragments are usually angular.

As the result of the considerable pressure of cheek

against cheek, much of the material may be ground
to powder, and this compressed powder may yield

a fine base in which the fragments of the broken

FIG. 21.

SECTION OF FAULT.

Showing irregular fissure filled with fault-breccia

(the latter represented by triangles).

rock are embedded. A rock is thus produced which

is called a fault-breccia.

By infiltration of various metallic ores along fault-

planes, ordinary metalliferous veins are produced.
Their consideration does not directly concern us,

though it is useful to know that these ores may be

found accompanying fault-breccias, though the larger

proportion of fault-breccias contain no metallic ores.

The variations in the characters of faults, the

nomenclature in use with reference to faults, and
the manner in which strata are affected by faults, will

be considered in a later section under the head of

Geological Maps.
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IV. CLEAVAGE-PLANES

In areas where rocks have undergone great lateral

pressure, a considerable rearrangement of the rock-

masses results from the pressure. These masses are

compelled to occupy less room in a horizontal direc-

tion, and are accordingly elongated in a vertical

direction should the pressure be applied horizontally.

(If the pressure is not applied horizontally, a slightly

different result will ensue). The rocks are first

thrown into folds marked by the curving of their

bedding-planes, but should pressure be. continued

to such an extent that no further folding can take

place in the rock-mass as a whole, the individual

particles of the rock-mass yield, becoming com-

pressed in the direction in which pressure is applied

and elongated in the opposite direction, so that all

the longer axes of the particles are now arranged in

the latter direction, and the length of those axes is

increased by pressure, while that of the shorter axes

is diminished. This is illustrated by Fig. 22.

As the particles of clay yield most easily to lateral

pressure, rearrangement and deformation of the

particles take place more frequently in clays than in

other rocks, though they are not necessarily confined

to them. Rocks which have undergone this change
are known as slates, and when clay is thus affected, the

rock is spoken of as clay-slate, though the term slate

as generally used implies clay-slate. The structure

is known as cleavage. A cleaved rock may be split

into thin slabs, the faces of which run in the direction
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of the elongated axes of the particles. A cleaved

rock does not necessarily possess planes of dis-

continuity due to cleavage, though as the result of

weather-action cleavage-planes may become planes

of discontinuity. Every plane separating two particles

is practically a plane of weakness, and it results from

this that, had we sufficiently delicate instruments, we

6
FIG. 22.

PARTICLES.

a= Before cleavage. 6= After cleavage.

Arrows show direction of pressure.

might continue splitting a slate in the direction of

the cleavage-planes until we had reduced it to its

component particles. In this respect cleavage differs

from jointing. Jointed rocks may be split into very
fine slabs if the joints are sufficiently close, but the

rock between two contiguous joints possesses no

tendency to split parallel to those joints more readily

than in another direction.
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If thin beds of grit are intercalated between the

beds of clay which have become cleaved, the grit

may escape cleavage, and is often puckered up
between the slate-bands, as seen in Fig. 23.

Some rocks which are used for roofing purposes

FIG. 23.

BLOCK OF SLATE.

x Cleavage-face, a a= Original bedding. G G= Grit-band.

The finer lines on the right-hand side and on the top
indicate cleavage-planes.
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are spoken of as slates, though they are not cleaved,

e.g. the Stonesfield 'slate' of Oxfordshire and the

Collyweston
*

slate
'

of Northamptonshire.

V. FOLIATION-PLANES

In many regions, as in the Scottish Highlands, ex-

tensive areas are occupied by crystalline rocks, which

split into thin layers along planes which generally

run parallel with the longer axes of the component

crystals. These planes may be straight, but they are

frequently crumpled and twisted in a marked degree.

Such rocks are known as schists, or when more

coarsely crystalline, as gneisses^ and the planes are

spoken of as foliation-planes. The minerals may be,

and often are, arranged so that one layer or folium
consists of particles of one kind of mineral, as shown

in Fig. 24, which represents a piece of schist com-

FIG. 24.

FOLIATED ROCK.

posed of folia of quartz and mica. The origin of

these schistose rocks is still to some extent obscure,

but, apart from this crystalline character of the rock,

it may be noted that the divisional planes may be

original planes of bedding, or may be cleavage-
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planes. As many slates also possess a finely

crystalline structure, there is no difference except
one of degree between these slates and schists which

possess foliation parallel to cleavage. The com-

position of schists depends to a considerable extent

upon the composition of the rock which has become

foliated
;

this will be more fully considered in the

following chapter.



CHAPTER VII

ON CERTAIN CHANGES WHICH ROCKS HAVE
UNDERGONE SINCE THEIR FORMATION

WHEN dividing the rocks into the igneous and

sedimentary groups, it was noted that a third

group was sometimes introduced with the title of

metamorphic rocks. This title implies that rocks to

which it is applicable have been changed since their

formation. As all rocks undergo some kind of change,

it is impossible to draw a hard line between meta-

morphic rocks and those in which the changes are so

slight that the term is not usually applied to them.

Some of the changes which are metamorphic in

the ordinary sense of the term have already been

briefly noticed, e.g. the production of serpentine and

the formation of schists. In the present chapter

reference will be made to such changes of rocks,

whether metamorphic or not, in the ordinary sense

of the term, as are of importance to the student

of agriculture.

I. METAMORPHIC ROCKS
Rocks may be metamorphosed by the action of

water, heat, or pressure, or by the combined action

of two of these or of all three.

73
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The action of water tends to remove some materials,

to alter existing materials in the rock, and to intro-

duce new materials. The changes produced by water,

which are of special importance to the agriculturist,

are not those which give rise to what are commonly
known as metamorphic rocks, and they will be

considered in a subsequent section under the head

of Weathering Action.

The action of heat is well seen in the rocks around

intrusive rocks. The intrusive rocks often harden

the surrounding rocks, and may cause the develop-
ment of new minerals in them. Granite, for instance,

often causes marked metamorphism in its vicinity ;

should the granite occur in a roughly circular mass,

there will be a ring of altered rocks around it, as seen

in Fig. 25. This ring of altered rocks is spoken of

as an aureole. The changes which take place in

the rocks of this aureole often render them less

resistant to the weather, and the aureole may there-

fore furnish useful materials for road-metal.

The origin of the crystalline schists, which are

frequently developed over wide areas, is, as has

been observed, still in a considerable degree obscure.

That pressure and heat have both played a part in

their formation is clear, and no doubt the presence
of water has assisted the processes. These crystalline

schists (with the accompanying gneisses) may origin-

ate from both igneous and sedimentary rocks. The

igneous rocks often give rise to coarse gneisses, which,

apart from their parallel structure, need not differ in a

very marked degree from the original rock, though
in many cases considerable chemical changes do take
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place. The sediments become markedly crystalline,

and new material may be introduced. Both the

physical and chemical changes which these schistose

rocks have undergone play an important part in

influencing the action of weathering and other agents

FIG. 25.

PLAN OF AUREOLE OF METAMORPHISM AROUND IGNEOUS ROCK.

Igneous rock marked by crosses, the sediments by other signs.

The tinting shows increase in intensity of metamorphism on

approaching the boundary of the igneous rock.

upon the rocks, and therefore in affecting the soils

to which they give rise.

Among the gneisses and schists which the student

may usefully study in specimens are the following :
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GRANITOID GNEISS. A coarsely crystalline mix-

ture of felspar, quartz, and mica or amphibole. The
foliation is usually not so freely developed as in

schists. The foliation-planes often bend round large

porphyritic crystals.

MICA-SCHIST. A finely foliated rock consisting

of folia of quartz and mica. Felspar is often

present.

HORNBLENDE-SCHIST. This differs from the last

rock in the occurrence of hornblende (amphibole)
in the place of mica. The hornblende is often found

in needle-like crystals.

MARBLE. A crystalline limestone; is often asso-

ciated with schists. It may or may not be schistose

itself; if it is, it often contains mica. It is produced

by the metamorphism of ordinary limestones. The

well-known Carrara marble has been produced by

metamorphism of a fossiliferous limestone.

II. CONCRETIONS

Mineral particles have a tendency in some circum-

stances to collect around a nucleus to form concretions.

The process is spoken of as concretionary action, but

it is ill understood. In some cases the presence
of organic matter is clearly concerned in the process ;

in others, again, as clearly not so concerned. Should

the nucleus be minute and the process occur under

conditions of symmetry, a spherical concretion will

result. In other cases the concretions are elliptical,

cylindrical, or irregular. Aggregates of concretions
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may occur, as in the well-known magnesian limestone

concretions of the Durham coast. In some cases

the formation of the concretion is accompanied by
contraction, causing radial and concentric cracks,

which may afterwards be filled with spar, giving rise

to the septarian nodules^ which are frequent in

many clays. A section of such a nodule is shown

in Fig. 26.

FIG. 26.

SECTION OF SEPTARIAN NODULE.

Many concretions are composed of substances of

economic value. Septaria, for instance, may be used

in the manufacture of Portland cement. The nodular

concretions of flint are useful for road-metal, for

building-stone, and in the manufacture of china.

Phosphatic nodules in the form of concretions have

been worked in many places for manure.
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III. SEGREGATIONS

Should a cavity occur in a rock in which mineral

matter is deposited on the walls of the cavity and

then in successive growths from without inward, a

segregation is formed. The cavity may be completely

filled, as in the case of the amygdules of amygdaloidal

lavas, or only partially so, when & geode or potato-stone

results. Should deposition occur on the sides of a

fissure instead of on the wall of a cavity, a mineral

vein is produced. Many, though by no means all,

metalliferous veins are of this nature.



SECTION II

THE OPERATIONS OF GEOLOGICAL
AGENTS





CHAPTER VIII

WEATHERING

THE
rocks which compose the surface of the solid

ground are liable to continual change. The
solid rocks are broken up, the materials carried else-

where, and eventually redeposited on other portions

of the land, on the floor of fresh-water areas, or on

the sea-floor. The processes of breaking up the

rocks and their transport elsewhere are spoken of as

denudation^ and this denudation is described as being
sub-aerial or marine, being, in the former case, effected

by agents working over the general surface of the

land
;
in the latter case, by the sea.

Sub-aerial denudation will be first considered. It

may be divided into three processes, viz. :

I. Weathering. 2. Transport. 3. Corrasion.

The processes of weathering cause the breaking up
of pre-existing rock into fragments which are adapted
for transport. The act of transport is performed on

land by simple gravitation, or by wind, rivers, and

land-ice. During transport the material which is

transported is rubbed against the rocks over which it

passes, breaking fragments from them, which add to

the transported material. This fracture and com-

G 81
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minution of rocks during transport is corrasion a

term which has recently been used, since the necessity
of distinguishing this act of fracture from that per-

formed by the weather was recognised.

WEATHERING. As the action of weathering is

primarily responsible for the production of soils, its

study is of peculiar importance to the agriculturist.

The comminution of rocks during the processes of

weathering is brought about by various agencies, of

which the principal are change of temperature, rain,

and organisms.

Change of temperature is most efficacious in splitting

rocks when the variations of temperature are very
marked. In desert regions, where the day tempera-
tures are often very high and those of the night very

low, the rocks undergo alternate expansion and con-

traction. Not only do different grains of a rock

composed of different minerals expand unequally,

but the amount of expansion in some minerals is

more in the direction of certain crystalline axes than

of others. The rocks are accordingly broken at first

into fragments of varying sizes, often bounded by
divisional planes, as joints ;

but as the process is

continued on these fragments as well as on the solid

rock, the larger fragments become broken up into

smaller and smaller pieces, until the rock may be

eventually reduced to a loose mass, consisting of

particles composed of the original rock-grains.

Though the process of disintegration by alternate

expansion and contraction is well studied in desert

regions, where the process is not in any marked

degree masked by other changes proceeding simul-
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taneously, it must produce its effect elsewhere as the

result of diurnal and also of seasonal changes of

temperature.
In regions where the temperature falls sufficiently

to cause water to freeze at times, the effect of

temperature in breaking up rocks is due to the con-

version of water into ice. All rocks contain a greater

or less quantity of water, which permeates the rock,

and to this is added the water which soaks through
from the surface. When this water freezes, it expands

considerably on assuming the solid state, and accord-

ingly wedges rock-fragments from the solid rock.

This is very noticeable on cliff-faces in hilly districts.

The water percolates into the fissures of the rock,

there freezes, and causes the rocks to split along these

fissures. The fragments may adhere to the cliff after

the formation of the ice, owing to the ice itself binding

them, and accordingly the fragments thus rent off

frequently fall immediately after a thaw. Having
fallen, the water in the interstices between the rock

particles may subsequently freeze, and in this way
the rock may be eventually, by frost-action only,

broken up into a loose mass formed by the constituent

particles of the original rock.

Though the process is easily studied in the case of

cliffs, it also takes place on level ground, and may be

observed in many roadways which become broken up

by frost, with the production of incoherent material

on the surface.

This action of frost is, of course, similar in the case

of soils, when they are compact. A heavy clay soil

is thus broken up by frost during a hard winter in

Britain.
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The result of change of temperature on rocks,

whether with or without frost-action, is essentially

mechanical, with no chemical change. The material

produced is therefore similar in composition to the

rock from which it is derived, and is no more adapted
for vegetable growth than the rock itself, except in

so far as its comminution assists that growth.
The action of rain is of very great importance,

mainly on account of the chemical changes which

are produced by it. The mechanical action of rain

is limited to the comminution of masses which are

not very coherent before the action takes place.

Thus stiff clay may be to some extent disintegrated

by the impact of raindrops upon its surface, but the

effects are of little consequence.
The chemical changes are due to the existence of

substances in rocks which are directly soluble in

water itself, or are dissolved by substances in the

atmosphere, which are capable of acting as solvents

in the presence of water, whether they are taken up

by the water or not.

Pure water is capable of dissolving various salts, as

common salt, with ease; though most of the rock-com-

ponents are said to be insoluble in pure water, it

must be remembered that solubility is a matter of

degree, and that, given time enough, pure water may
extract some matter from rocks, even though that

matter is in the ordinary sense of the term insoluble.

It is in conjunction with other substances that

the solvent action of water is most marked. The

principal substances which in this way produce a

solvent action upon the rocks are oxygen, carbon
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dioxide, and various organic acids
;
and as a result of

the action various oxides, hydrates, and carbonates

are produced from some of the rock-constituents.

The removal of the soluble materials by water fre-

quently, though not necessarily, produces a rotting of

the rock, which is thus rendered more prone than

before to mechanical disintegration ;
and accordingly,

when conditions are favourable, we frequently find

thick accumulations of incoherent material covering
the solid rocks beneath, when the latter are sub-

jected to the solvent action of surface waters.

We may now proceed to consider the effects of

this solvent action on the rocks, first taking into

account the effects of the various solvents, and then

discussing the effects of the solvents upon various

kinds of rocks.

The oxygen in the air, in the presence of water, is

capable of converting many mineral salts into oxides,

though there is usually a further change into hy-
drates. The rusting of a needle is a familiar instance

of oxidation, and many of the changes which occur

in minerals are closely akin to rusting, even to the

production of a rusty-looking crust upon the surfaces

of the rocks. A change, due to oxygen, which is

of some importance, is the conversion of sulphides
into sulphates. Thus iron pyrites, the sulphide of

iron, may be converted into sulphate of iron. A
further change frequently occurs, the sulphate being
converted into iron hydrate, and this is accompanied

by liberation of sulphuric acid, which is thus rendered

available as a solvent.

The modification of oxygen known as ozone which
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occurs in the atmosphere, probably plays a con-

siderable part in the processes of oxidation
; for,

though it is small in quantity, it is active. It is

found especially near the sea, and is produced during
thunder-storms.

The peroxide of hydrogen, hydroxyl, also occurring

in small quantities in the atmosphere, is probably also

very efficacious as an oxidiser.

The carbon dioxide of the atmosphere, which is

found in variable quantities in the air (there being

present on the average about "04 per cent, of this gas),

combines with rain-water to form carbonic acid.

This acid acts as a solvent upon many rock-con-

stituents
;

it converts the insoluble carbonate of lime

into a soluble bicarbonate, and the insoluble silicates

of many substances into soluble carbonates. It is,

indeed, the most important of the constituents of the

atmosphere which, in the presence of water, promote
the decay of rocks.

The effect of organic acids is in many respects

similar to that of carbonic acid, and the resultant

products of the work of these acids are often car-

bonates, though, owing to the influence of bacteria,

nitrates may be formed. These acids are chiefly

taken up by rain-water after it has fallen upon the

soil, and they then exert their influence upon the

underlying rocks.

We may now briefly consider the action of the

various solvents upon some representative rocks, and

will commence with a notice of the changes which

they produce upon igneous rocks.

Granite may be taken as a representative of the
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acid rocks, so far as weathering is concerned, and it

will be instructive to note the manner of its disinte-

gration by weathering action in a moist climate, such

as that of England.
Of the three constituents of a normal granite the

quartz is but slightly affected by solvents in the rain-

water, and remains practically unchanged. Not so

the felspar. This mineral, it will be remembered, is a

double silicate of alumina, and of a metal or metals

of the alkalies or alkaline earths. The aluminium

silicate is practically insoluble, but the alkaline silicate

is soluble in carbonated water, and is converted into

a soluble carbonate, which may be carried away in

solution in river water. This change is of very great

importance to us in two ways. As orthoclase felspar,

a common constituent of granite, contains potassium

silicate, the resulting soluble potassium carbonate is

rendered available for plant-life. Again, as the result

of the chemical change, a mechanical change of pro-

found import is brought about. The hard crystalline

felspar is converted into a soft, incoherent mass of

silicate of alumina known as kaolin or china clay.

If the granite contains a large proportion of felspar,

the whole rock may be thus rotted, and indeed we

frequently find that this rotting takes place for some

distance below the surface of the ground. The
weathered granite in parts of Cornwall may be dug
out with a spade to a depth many feet below the

surface. The rotten rock is thus rendered serviceable

for further change into soil, as will be described more

fully in the next chapter, and it is also brought into a

state in which it is readily transported piecemeal to
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other places by the various agents of transport, such

as running water. The ferro-magnesian constituent,

such as mica or amphibole, is also acted upon to

some extent
;
but the change may be considered when

we deal with the more basic rocks, which contain, as

a general rule, a large proportion of such constituents.

As a typical representative of the basic rocks we

may consider the case of basalt. Leaving out of

account the ore, which is unimportant to us, and the

olivine, the conversion of which into serpentine has

already been noticed, we are chiefly concerned with the

changes in the felspar and the pyroxene. The plagio-

clase felspars, which are the dominant felspars of the

basic rocks, contain lime silicate. This is converted

into carbonate of lime, leaving the aluminium silicate

untouched, as in the case of orthoclase. The physical

change in the felspar is similar to that which takes

place in orthoclase
;
but as the result of the chemical

change carbonate of lime is set free, and rendered

available for the formation of limestone rocks. In

the felspar which contains soda, carbonate of soda is

produced, and may be carried away in solution.

The composition of the ferro-magnesian silicates, as

was seen when describing minerals, is varied. Some
of the constituents, as the aluminium silicate, are in-

soluble. Others are soluble, and the effect of solvents

on the iron silicates is specially important. The iron

may be converted into the insoluble carbonate, but

usually the ultimate result is its conversion into

hydrate. On account of the fairly large proportion
of iron in the ferro-magnesian constituents of many
basic rocks, a considerable amount of iron hydrate is
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produced, which causes the weathered products of

these rocks to assume a prevailing rusty yellow,

orange, or brown colour.

As the other igneous rocks approach the granitic or

basaltic type with regard to their constituents, the

changes which occur in the two rocks noticed above

will be sufficient to illustrate the nature of the changes

produced by weathering in other igneous rocks of

common occurrence.

Passing now to the sedimentary rocks, it must be

noticed at the outset that as they have been largely

derived either directly or indirectly from igneous
rocks by processes of denudation operating in past

times, the soluble constituents of the minerals have

frequently been to a considerable extent leached out*

of the rocks, and therefore the component particles of

sediments are, on the whole, less prone to chemical

effects of the weather than those of the igneous group.
The disintegration of sediments, therefore, in so far

as it is dependent upon chemical action, is often

largely due to the removal of the cement which binds

the component grains together. The removal of this

cement will render the rock incoherent. Of the

common cements, silica, carbonate of lime, and

hydrates of iron have been noticed as most frequent.

Of these the carbonate of lime may be removed in

solution as bicarbonate
;

the hydrates of iron may
also be converted by organic acids into soluble sub-

stances. The silica is also acted upon by organic

acids, which are capable of dissolving it, and thus

causing the disintegration of the rock.

Owing to the removal of these cements, arenaceous
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rocks are often readily disintegrated as the result of

weathering action.

Argillaceous rocks, as has been seen, consist of

silicate of alumina, mixed with small chips of various

minerals. The alumina silicate is unaffected, but the

fine state of division of the particles renders the

chips of soluble minerals easily affected, and a con-

siderable amount of the material of clays may be

carried off in solution.

Pure calcareous rocks are completely soluble in

carbonated waters. The insoluble carbonate, as

already stated, is converted into a soluble bicarbon-

ate, and removed in solution in river-water. The

impurities of many limestones are left behind as an

incoherent accumulation, the composition of which

depends upon that of the original impurities.

In igneous and aqueous rocks alike, the divisional

planes which traverse the rocks are of great import-
ance in influencing chemical action as well as me-

chanical action during the processes of weathering.

Joints especially, which are often vertical or inclined

at a high angle to the horizon, are favourably situated

to act as channels for the passage of water into the

rocks, and we accordingly find that weathering

frequently works inward from either side of a

joint -plane. This has a very considerable effect

on the reduction of rocks into material suitable for

ingredients of soils.

The operations of organisms in promoting rock-

weathering is a matter of considerable importance to

us. They are carried on both mechanically and

chemically, and are effected by the agency of animals

as well as by that of plants.
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The mechanical action of plants is well seen in the

case of roots of trees which penetrate the fissures,

and as these roots expand upon growth, fragments
of rocks are wedged off, and huge masses of rock are

often seen to fall from cliffs owing to this cause.

But the action of the roots and rootlets of smaller

plants, though not at first so apparent as that of

trees, is very pronounced. These roots often extend

downward for a considerable distance from the sur-

face, and to some extent break up the solid rock, in

the same way as the roots of trees break it
;

their

influence is specially marked upon the partly disinte-

grated rock which lies between the solid rock and the

surface soil.

The chemical action due to plants is very great.

In the first place, plants act as sponges, and hold the

water against rocks for a longer time than it would

rest on bare rock, thus increasing the time during
which solution can take place. Secondly, they fur-

nish solvent acids, which considerably aid in the dis-

integration of rocks by the removal of various con-

stituents. Many of these acids are unstable products
due to the decomposition of plants. The principal

are humic, ulmic, crenic, and hypocrenic acids. They
consist of varying proportions of carbon, hydrogen,

oxygen, and, in the case of the two last named, of

nitrogen also. They are not only capable of affect-

ing various carbonates and silicates which occur in

rocks, but they produce a very considerable action

upon silica itself, and thus form powerful auxiliaries

to carbonic acid in effecting the disintegration of

many rocks.



92 AGRICULTURAL GEOLOGY

The effect of bacteria in producing nitric acid has

already been noticed. As these minute organisms are

capable of penetrating into the smallest rock-crevices,

their effect in promoting rock disintegration is un-

doubtedly very marked, in addition to their power of

adding substances to the constituents of soils.

The .action of animals upon rocks is essentially

mechanical. They produce little effect upon solid

rocks, but the final disintegration of rocks is acceler-

ated by burrowing animals, as the rabbit, mole, and

badger. Above all, as shown by Darwin, the earth-

worm is of importance in comminuting the frag-

ments of rock, not only by burrowing, but by passing
the materials through their bodies. It must not be

supposed, however, that the presence of the earth-

worm is universal. In parts of the north-western

territories of Canada, for instance, the earth-worm is

absent, and the disintegration of the rock-particles is

largely carried on by burrowing mammals.



CHAPTER -IX

THE FORMATION OF SOIL

SOIL
can only accumulate where the amount l

of loose material produced by weathering is in

excess of that removed by transport. Furthermore, -

other conditions, such as favourable climate, must

occur in order that a cultivable soil may be formed
;

in many desert regions, for example, loose material

overlies the solid rock over large areas, but owing to

unfavourable climate no cultivable soil is formed.

Cultivable soils are divided into those which are

formed in situ and those which are due to transport
of material from other sources. It is not always easy
to separate the two rigidly ;

for example, boulder-

clay is sometimes spoken of as transported soil, but

the actual soil is produced in situ on the surface of

the boulder-clay. The transported soils will be

spoken of more fully in a succeeding chapter, and we
shall here devote our attention especially to the

cultivable soils which are formed in situ. It must,

however, be understood that much which is here said

about soils in situ applies also to the transported
soils.

Soils consist of a mixture of organic and inorganic

matter, the former being derived from plants and

93
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animals, and the latter from the rocks. The composi-
tion of soils, therefore, varies according to the charac-

ter of the rocks from which they are derived.

Before considering the variation in the composition
of the inorganic materials of soils, it will be well to

)*
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FIG. 27.

DIAGRAMMATIC SECTION SHOWING FORMATION OF SOIL.

a. Vegetable growth.
b. Soil, passing down into :

c. Subsoil with fragments of sandstone, passing down into :

d. Brashy rock with finely divided material and rootlets between the

fragments. This passes down into :

e. Sandstone rock, with joints gaping at the top.

Lighter stippling
= subsoil and loose material of brash.

Darker stippling
= soil.

describe the mode of conversion of rocks into soil,

which we are in a position to do after our study of

the processes of weathering described in the preced-

ing chapter. If we examine a section such as that

exposed in a quarry face, where soil formed in situ is

found at the summit of the quarry and solid rock at the

base, we shall find some such succession as that illus-
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trated in Fig. 27. At the top is the actual soil
;
below

this is the subsoil, in various stages of disintegration ;

still lower down we find the solid rock, broken up by
the action of weathering along the divisional planes ;

and at the base, the unaltered solid rock. A regular

gradation is usually noticeable between two con-

tiguous layers, the rock passing gradually upwards
into the brashy or broken rock, this also slowly

changing into subsoil and the latter into soil. The

brash may be penetrated by roots of trees, and will

contain a small amount of organic matter. The

further reduction of rock-fragments at a higher level

causes the brash to pass into subsoil, which consists

of fragments of the rock embedded in smaller par-

ticles, due to the disintegration of the outer faces of

these fragments. As we examine higher parts of

this subsoil, the fragments will be found to become

smaller, and the proportion of small particles to

increase
;
the amount of organic matter will also tend

to increase. When the fragments are few in number,

and the organic matter is considerable in quantity,

the true soil is reached.

Many variations from such a gradation may be

traced, dependent upon the character of the under-

lying rock and on the nature of the agents of

weathering. With a clayey rock the larger fragments
in the subsoil may be few, or altogether absent, and

the same result may be obtained in other rocks

than clay if the weathering is mainly brought
about by chemical action

;
thus the subsoil above a

basalt may be a loose, iron-stained, sandy material.

Should the underlying rock be a sandstone, the large
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fragments may be numerous in the lower part of the

subsoil, and the same may be the case even with an

underlying well-jointed clay rock, if frost be the

prime factor in disintegration of the rock.

In soil which has been cultivated the operations of

cultivation may have produced a marked physical
difference between the conditions of the soil and

those of the subsoil, and accordingly, while natural

soils often show the gradual passage into the subsoil,

which has been noted above, there may be, and often

is, a sharp plane of demarcation between a cultivated

soil and the subsoil which underlies it.

Consideration of the constituents of various soils

will be facilitated if we divide those constituents into

three groups, namely, the particles derived from rocks,

such as sand, clay, and lime
;
the materials which are

present in the ash of plants when burned, which must

originally have been derived from the soils, as alkaline

compounds and silica
; and, thirdly, the materials

derived in large part from the atmosphere.
As a great part of the inorganic matter of soils is

derived from the stratified rocks, we may conveniently

consider this matter at the outset. The principal

constituents of these rocks are sand, clay, and lime in

varying proportions, and accordingly we may have

sandy soils, clayey soils, and calcareous soils. The

latter always contain a certain amount of non-

calcareous material which is the residue of that

part of the limestone which has been carried away
in solution, whereas sandy soils and clayey soils may
contain their respective inorganic constituents in a

state of comparative purity.
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Many rocks are, as has been seen, composed of

combinations of different kinds of substances. Thus
we may have mixtures of sand and clay ; or, the soil

may be derived from the weathering of rocks of more

than one kind, in which case similar combinations

may occur. A mixture of sand and clay forms a

loamy soil, the soil being spoken of as a sandy or a

clayey loam, according to the preponderance of sand

or clay. A mixture of clay and limestone is, as

already stated, termed calcareous marl. Thirdly, we

may have a mixture of sand and lime in various

proportions, giving rise to what has been termed

calcarene soil.

Of the other constituents of sedimentary rocks, the

oxides and hydrates of iron are frequently introduced

into soils, being largely derived from the ferruginous
constituents of sedimentary rocks.

Again, many sands and clays still retain some of

the alkaline compounds which were components of

the igneous rocks from which the particles have been

at one time worn away, and these may furnish

material such as carbonate of potash to the soil. The
exact condition under which alkalies exist in various

rocks is still a moot point, into the discussion of which

we cannot enter here.

The igneous rocks contain a number of soluble

materials necessary for the growth of plants. It by
no means follows, however, that these rocks are

necessarily covered by fertile soils. Many granites,

for example, contain abundance of such necessary
materials, but if these materials are in a condition of

practical insolubility, they are useless for the purpose
of enriching the soil.
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The pyroclastic rocks frequently contain valuable

soil-constituents in a state in which they are readily

extracted by weathering action, and accordingly we
find the soil of volcanic regions is often remarkably
fertile.

We may now pass on to the consideration of those

materials of .the soil which are taken up by plants,

some of which have indeed been alluded to in the

above paragraphs. In addition to silica the materials

which are important to plants are potash, lime,

magnesia, phosphoric acid, and sulphuric acid. Of

these, the potash, lime, and magnesia have already

been accounted for as present in various rocks. The

phosphoric acid was no doubt originally of inorganic

origin. It is found combined with lime in crystalline

rocks in the mineral apatite. It has been through

long ages abstracted from the earth to form the bones

of animals and parts of the tests of some invertebrates,

and much of the phosphoric acid of rocks is no doubt

directly introduced by the agency of organisms.

The materials taken up by plants are again restored

to the soil upon the death of the plant, though as a

result of bad cultivation much of them is frequently

removed from the soil.

The other constituents of soil are mainly derived

from the atmosphere. The most important of these

are water, carbon compounds, and nitrogen.

It has already been stated that all rocks contain

water. Some of this is locked up in the minerals, but

a large part is interstitial water contained between the

particles of the rock
;
this is spoken of as quarry water.

In addition to this there is the important supply
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obtained from the atmosphere at the present day,

upon the amount of which the fertility of soil largely

depends.
The vegetable matter which enters into the com-

position of soil passes by change into a substance

known as Jiumus^ This is a dark brown mouldy
substance, having no definite composition. Its aver-

age composition is : carbon, 54-8 % ; hydrogen, 4/8 % ;

oxygen and nitrogen, 40*4 %. It is of great importance
to the agriculturist on account of its power of holding

\[ ammonia in a form in which it can be readily *f
assimilated.

The character of the soil differs markedly according
to the proportion of humus which it contains, and this

proportion varies greatly; and accordingly we can

have every gradation from the sterile soil of desert

regions to the rich peat-accumulations of temperate

regions, in which the proportion of humus (which has

undergone a certain amount of alteration) is very

high. The conditions under which peat is formed

will be described more fully in the sequel.

Nitrogen occurs in the soil in the free form, or as

ammonia, nitric acid, and nitrates. The importance
of bacteria in promoting nitrification has already been

noticed. As a result of this nitrification, ammonia,
nitric acid, carbon dioxide, and water are formed. Of

these, ammonia salts and nitric acid are of importance
as plant-food, while the nitric acid in combination

with bases acts as a
fertiliser.

The physical conditions under which soils exist is

also a matter of considerable importance, as produc-

ing a very marked effect upon the fertility of soils.
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Although soils need not differ much in composition
from the rocks from which they are derived, they

tend to form more porous masses
; indeed, the amount

of interspaces in soils has been calculated to form on

the average about fifty per cent, in volume. This

produces a great effect on the capacity of the soil for

receiving and retaining moisture. This capacity, of

course, varies greatly according to the nature of the

soil. The following figures, obtained by Meister,

illustrate this and will be found useful :

Percentage
Soil. of water imbibed.

Clay . , . .50
Loam . . , . 60* I

Humus Y . . . 70*3

Peat \ . .'' . . 637
Lime '. . . . 59*9

Chalk . . . . 49-5

Sandy . ... 45-4-65-2

The size and shape of the particles of soil are

important as affecting in a marked degree the porosity

of the soil and also its capillarity.

The action of capillarity is to some extent of an

opposite character to that of porosity. Owing to

porosity, the water which falls on the soil tends to

soak inward, while owing to capillarity, some of the

water which has entered the soil during rainfall and

has soaked downward is again brought toward the

surface, thus keeping the soil moist.

A soil which has the physical properties favourable

to reception and retention of water and to the action

of roots, may have any necessary ingredients for

plant-culture which it does not contain added to it,
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but this addition will be useless should the physical
conditions be unfavourable to plant-growth.
One effect of the downward percolation of water

upon some soils may be conveniently noticed here.

In certain soils, such as clays containing carbonate

of lime, the water, percolating downward, carries

the lime in solution, and also particles of clay in

mechanical suspension, to the subsoil, at the top of

which the clay is deposited and the lime consolidated,

giving rise to an impervious layer beneath the soil,

which is termed "hard-pan." Similar "hard-pans,"
formed of iron compounds, are often found at the

base of peat-accumulations. It may be necessary to

break these up in order to render the soil fertile.



CHAPTER X

AGENTS OF TRANSPORT AND DEPOSITION

WE have seen in the preceding chapters that

the soil which is formed in situ is produced

by weathering of the rock beneath. In places where

there is no soil the weathered material is removed, as

fast as it is loosened by disintegration of the solid

rocks. Even when soil covers the rock, however,
some transport takes place, and accordingly the soil

is constantly changing, being swept away from the

surface by wind and rain-runnels, while it is renovated

by the addition of fresh matter from beneath. The
soil may, in fact, be compared to the skin of an

animal which is replaced from below as it is worn

away at the surface.

The material which is transported is eventually

accumulated elsewhere. By the operation of the

transporting agents, usually working downhill, owing
to gravitation, this material is gradually borne sea-

ward, and if sufficient time were granted, it would

eventually find its way to the sea and be deposited

upon the sea-floor, to form marine deposits. The

process, however, is slow and to some extent inter-

rupted by pauses, and much of the transported
material is accumulated upon the surface of the land

102
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when the conditions are favourable to its settlement,

and it may give rise to transported cultivable soils.

The principal agents of transport on the land-

surfaces are wind, rain-water runnels, streams and

rivers, and glaciers, and we may consider the action

of these various agents in the order in which we have

named them.

The effect of wind as an agent of transport is

well seen in the case of dust-storms, in which the

dust is raised into the air by whirling currents and

carried along, often for long distances, to accumulate

in sheltered spots. The most marked effect of wind

as a transporting agent is noticeable in the arid

tracts of desert regions, where wind is the main factor

in the removal of material from one place to another.

Where the ground is occupied by vegetation, the

tangled roots knit the soil together and diminish the

efficiency of the wind in removing the particles, but

though the action is thus retarded, it cannot be

regarded as a negligible factor.

During the transport of particles by wind a certain

amount of corrasion, or gnawing away of solid rock,

takes place, but it is not important in connection with

our present study.

The material transported by the wind may have

some effect on the composition of soils. Thus the

finer volcanic dust, rich in many soluble substances,

is carried by the wind far from its source, and it

may increase the fertility of soils on to which it falls.

Volcanic dust in Iceland has frequently been carried

in some quantity to Scandinavia and to the North of

Scotland.
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To the student of agriculture the wind is also of

importance from its tendency in certain circumstances

to render cultivated land useless. This is especially

the case where sand-hills, or sand-dunes as they are

termed, exist, as along many flat sea-coasts in Britain

and elsewhere.

With a prevalent on-shore wind, the sand which is

laid bare at low tide is blown inland, and accumulates

in large wave-like hills composed of loose sand.

These hills may rise to scores of feet, or in rare cases

to some hundreds of feet, in height. Under the

influence of the wind they advance inland, and fre-

quently cover the soil of fertile tracts, rendering these

tracts useless. The dunes may be rendered innocuous

by planting them with trees and grasses which are

capable of living upon them
;
the roots bind the sand

together and render it stationary. In many places

pines are planted to check the advance of dunes,

while in some localities, as on the Norfolk coast, the

marram-grass (Psamma arenarid) serves a similar

purpose.

In the interior of continents with scanty rainfall,

where there is an abundant supply of dust, derived

from the action of the wind upon such accumula-

tions as glacial mud, this dust settles in hollows and

tracts where the air is tranquil and forms an accumu-

lation, often of considerable thickness, to which the

term loess is applied. The accumulation consists of

minute grains of minerals, and is penetrated by

upright tubes in which the roots of plants have once

existed
;

these tubes are generally lined with car-

bonate of lime. Various saline and alkaline sub-
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stances may occur in the loess, which is analogous
to the accumulations now being piled up in steppes.

Certain modifications of this steppe-accumulation,
under less arid conditions, allowing of the inter-

mixture of a considerable amount of humus, cause

the formation of the fertile Tchermosem or Black

Earth of Southern Russia. The loess is fairly well

developed in Central Europe from Belgium to the

south-east, and it is widely distributed in Central

Asia from the west to the shores of the Yellow Sea.

The action of rain-water runnels is distinguishable

from that of streams, the differences being due mainly
to small volume and inconstant action of rain-water

runnels. So far as soil is concerned, their trans-

porting effects are constructive in some places and

destructive in others.

Their constructive action is specially noticeable on

inclines or at the foot of inclines. During and after

rainfall, the finer particles are carried downhill by
the runnels and deposited upon gentler parts of the

slope or on flat ground at the foot of the slope.

The detritus of hillsides thus slowly creeps down
toward the foot of the hill

;
and the lower slopes

near the valley floor, as well as parts of the actual

floor, thus receive a mass of material known as rain-

wash. As it will in all probability be composed
of a varied assortment of materials, and as it often

accumulates in positions in which it receives a steady

supply of water, rainwash frequently supplies an ex-

cellent soil for agricultural purposes. It is, indeed,

a typical example of a transported soil.

There is every gradation, from ordinary rainwash
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to the widespread fluviatile accumulations which are

found especially on the floors of plains bordering

upland regions ;
these will be noticed under the head

of River-action.

The destructive effect of rain is due to the removal

of cultivable soil from the surface by its action.

Rivers when swollen during floods are often turbid

and of an earthy colour owing to the removal of soil

from the surfaces of fields by rain-water runnels, and

its carriage into the river. Land which is cultivated

on somewhat steep slopes is specially liable to re-

moval of its soil owing to this cause. To counteract

this, sloping land has been frequently cultivated in

terraces. The larger loose stones have been collected

from the soil and piled up into banks, and the ground
between these has been levelled. The level surface

is cultivated, and the smallness of slope prevents the

soil from being washed away, while the large frag-

ments built into the banks are too heavy for removal.

Much sloping land was formerly cultivated in our

upland regions in this manner, and the old cultiva-

tion terraces or lynchets often form a marked feature

in the scenery of many of our upland districts, as in

many parts of the West Riding of Yorkshire.

Rivers are the most important agents of transport

in those regions where cultivation of the ground is

extensively carried on. Their action is both destruc-

tive and constructive, but though the destructive

action is locally injurious to the agriculturist, it is in

the long run of benefit to the soil. Were the disin-

tegrated material not removed, it would accumulate

to such an extent as to check further rock-waste, and
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the nutritive matter of the existing waste would be

gradually extracted by plants, leaving the soil sterile.

Rivers owe their existence to rain. Much of this

rain is absorbed by the porous rocks of the earth's

crust, but the water which is thus absorbed is to a

large extent returned to the surface, especially in the

form of springs. Each important tributary of a river

usually originates at a spring. The nature of springs,

and the conditions under which underground water

accumulates and is discharged, are, however, matters

of so great import to us that they must be considered,

at a later period, in a separate chapter.

As a river flows seaward, carrying with it the

debris which is supplied to it by rain-runnels and

other agents, it may or may not corrade its channel,

causing the channel to be lowered. In some places

rivers are engaged in thus lowering their channels,

but in other places they actually raise these chan-

nels. It is desirable that we should learn something

concerning the conditions under which rivers lower

or raise their beds.

Running water possesses a certain amount of

energy, or capacity for doing work. The amount of

energy of a river depends mainly upon the velocity

of the stream and upon the volume of water, increas-

ing with increase of these.

Now imagine a stream of uniform volume running

down a uniformly inclined slope, and that this

stream is supplied with as much material as it can

possibly carry. Its energy will be completely

utilised in this act of transport, and none will be

available for corrasion of its bed
; therefore, so long
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as the conditions remain the same, it will neither

corrade nor deposit, but will continue to carry its

load downward. If the supply of material be

diminished, some of the stream's energy will be

available for corrasion, which will be performed

by the friction and impact of the remaining sedi-

ment against the river -bottom, and the bed will

be lowered. If, on the other hand, material be

added instead of being removed, the stream will

not have sufficient energy to carry this onward,
and it will be deposited, thus raising the bed.

If, instead of having a uniform slope, we have

one which falls the same amount as the uniform

slope in a given distance, but not uniformly, being
in places steeper and in other places gentler than

the uniform slope, and if the stream over this slope

be supplied with enough material to utilise all its

energy had the slope been uniform, the energy,

being increased over the steeper parts owing to

increased velocity of the stream, will be partly

available for corrasion, which will there occur, while

with diminished energy over the gentler portions the

stream will deposit over those parts of its course.

These processes would go on in the circumstances

until, by corrasion in the steep parts and deposit

in the gentle slopes, a uniform slope having the

inclination of our ideal slope was produced. Such a

line, when the stream can neither erode nor deposit,

is termed the base-line of erosion of streams, and

if the conditions of river-erosion remain the same,

all rivers tend to establish these base-lines.

As rivers increase in volume as they approach
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the sea, owing to reception of tributary waters,

erosion, so far as it depends upon volume, would be

greatest at the mouth, where the volume is greatest,

least at the source, where there is no water. In nature,

however, the velocity is checked at the mouth, and

the stream cannot corrade below sea-level. Con-

sequently the greatest amount of corrasion occurs

somewhere between mouth and source, where the

combined effects of volume and velocity are greatest.

The base-line of a river is, consequently, a curved

FIG. 28.

BASE-LINE OF EROSION.

line ever increasing in steepness from mouth to

source, as shown in Fig. 28.

In many land-areas of great antiquity the rivers

have established their base-lines of erosion, and no

downward corrasion is taking place. This is the case

with a large number of the rivers of our island.

As the axis of uplift of a country tends to deter-

mine the slope of the rocks as well as the position of

the main watershed, the principal streams often run

in the direction of the slope of the rocks, and may be

termed dip-streams (for definition of dip see p. 144).

They may accordingly traverse rocks of very differ-

ent characters. For instance, the Thames starts
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on the Oolites consisting of alternating deposits of

hard limestones and sandstones and soft clays ;
then

passes over the Lower Greensand, the Gault Clay,

the Chalk, and finally the London Clay.

The tributaries, on the other hand, tend to run

at right angles to the direction of slope of the rocks

along what is termed the direction of strike (for

definition of this term see p. 145). They may, there-

fore, be termed strike-streams. These have a ten-

dency to establish their courses along the softer

rocks, which are more readily worn away into

valleys, while the intervening rocks have a gentle

slope in the direction in which the rocks are sloping,

if that slope is not in itself great, and a steeper slope

in the opposite direction. These two slopes are

respectively termed dip-slopes and escarpments. As
the stream usually works along the junction between

soft rock and underlying hard rock more readily than

into the latter, the strike-streams frequently wear

their valleys sideways, causing recession of the

escarpments, a fact of some importance to the

agriculturist when combined with other conditions

which will presently be noticed. Two great escarp-

ments traverse the East of England in a general

north-east and south-west direction, and overlook

two plains. The most westerly is the escarpment
of the Oolites, running from Yorkshire to Dorsetshire,

and overlooking the great plain of the Trias and

Lias, while the easterly one is the escarpment of the

Chalk, which runs parallel to the former and over-

looks the plain of the Jurassic Clays and Gault.

Minor escarpments also occur which locally attain
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considerable importance. On the south-east side of

the chalk escarpment is a third plain, that of the

London Clay. On these plains much of the best

cultivable soil of England is found.

When downward corrasion has ceased, lateral cor-

rasion becomes effective, and causes rivers to widen

their valleys, giving rise to plains which are often

eminently cultivable.

The bulk of transported material is carried in the

lower layers of the stream, while the upper parts

have much less material in suspension, and accord-

ingly may have energy available for corrasion

which will cause the cutting away of the banks if the

conditions are favourable. If the river were abso-

lutely straight, such corrasion would not occur, but

when the streams are curved, the water, owing to

inertia, tends to flow onward in the direction in

which it was proceeding in the part of its course just

above the curve. It accordingly cuts into the con-

cave bend of the stream, and owing to the existence

of an eddy, will deposit material at the convex side,

thus producing a lateral wandering of the stream

and increasing the curve into a meander. We ac-

cordingly find that many streams in lowland tracts

are marked by a series of meanders, as shown in

Fig. 29. As the meanders increase sideways, and

move down-stream, the width of river valleys is

perceptibly increased, and the steeper valley slopes

may eventually terminate against the river plain

in some such position as the lines a b and c d in the

figure.

In regions of considerable rainfall the width of the



I 12 AGRICULTURAL GEOLOGY

valleys is increased by weathering and by the effect of

rain-runnels on the sides of the valleys, and accord-

ingly gorges are infrequent in rainy regions as com-

pared with arid ones.

When a dip-stream flows over rocks of different

degrees of hardness, and the river is a young one,

which has not had time to establish its base-line

of erosion over its entire course, it will produce

<?
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FIG. 29.

MEANDERS OF STREAM.

a b
y
c d Margins of meander-belt.

Dotted part is alluvium.

The arrow shows direction of flow of stream.

temporary base-lines when passing over the softer

rocks, which are readily worn away, and may flow

over the harder rocks in rapids or waterfalls for

some considerable time before the base-line is estab-

lished along those portions of its course. During
the temporary establishment of the base-lines over

the softer rocks, the side tributaries flowing in

over those rocks may cut far backwards from their

junction with the main stream, and may even

establish base-lines of their own along considerable
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portions of their courses. The section of the main

stream will show a line of flow of a character re-

sembling that exhibited in Fig. 30, and the stream

will cut gorges in the hard rocks between x and y y

where lateral corrasion is inefficient and the rocks

do not yield readily to weathering at the valley sides,

and will widen its valley between y and x, where

lateral corrasion is effective, owing to establishment

of temporary base-lines.

JC

FIG. 30.

ESTABLISHMENT OF TEMPORARY BASE-LINES.

S= Soft rocks. H Hard rocks.

At this stage of the existence of a river and its

tributaries the map of the district will appear some-

what as represented in Fig. 31. The plains over

the soft rock, due partly to lateral corrasion causing

meandering of the streams, partly also to weathering,
will be in a condition in which they are suitable for

the occurrence of further changes which may render

them cultivable.

From what has been said above, it will be seen

that rocks form their own valleys by corrasion during
i
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the transport of sediment, the valleys being deepened
by downward corrasion and widened by lateral corra-

sion, assisted by weathering.

*H*t+S*- ( ''"Vint*
>

FIG. 31.

PLAN OF RIVER AND TRIBUTARIES.

Showing gorges in hard rocks, ffff, and wide valleys in soft rocks, SS.
The valleys are shown in grey tint.

We must now consider the rivers as agents of

deposit, for they give rise to very important cultivable

soils.

It is during periods of flood that deposit, as well

as corrasion, mainly occurs, the intervening periods
of quiet flow being marked by a greatly diminished

amount of material in the river, owing to the diminu-

tion of supply and also of transporting power. It

has been calculated that the_J:ransporting power
of a river jvaries as_the_sixth power of its velocity,
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and consequently it is enormously increased during
floods.

The increased volume of the water also causes the

river to overflow its banks, and as the velocity of

the flood-water on the banks is less than that in the

bed of the stream, material is frequently deposited

on the sides of the bed, gradually building them up.

The greatest amount is deposited near the stream,

and less and less as the stream is quitted, and

accordingly the deposited material will have a con-

vex upper slope. This is usually inappreciable when
the stream traverses fairly flat ground, and we there

meet with plains due to deposit on the pre-existing

valley floor. These are alluvial^ plains, for the

material which is deposited by rivers is termed

alluvium. Should the alluvium be deposited against

a considerable slope, on the other hand, the surface

of the deposit may possess a marked inclination, and

alluvial cones are formed. Alluvial deposits vary

considerably in composition according to the nature

of the rocks from which they are derived
; they also

show marked variations in coarseness, even in very
short distances.

In hilly regions the torrents which course down

valley sides are often charged with coarse material,

which, owing to the steepness of the slope, they can

carry onward until they reach the more level ground
at the valley bottom. The main stream, though of

greater volume than the tributary, may be unable

to carry the coarse material on account of the slight

velocity due to diminished slope, and this material

is built up as an alluvial cone or dry delta, which
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drives the main stream to the side of the main valley

opposite to that from which the tributary comes.

These alluvial cones, like ordinary river deltas,

frequently cause the tributary to divide into many
branches, of which one is usually occupied by the

stream-water at any one time. They are frequently

very fertile, and can be readily irrigated, as the stream

may flow along the highest part of the curved slope
of the cone.

If a mountain chain overlooks a fairly flat tract

of country, the alluvial cones may coalesce over

the plain at the foot of the chain and give rise to

fertile tracts of alluvial soil over very extensive areas.

Such tracts are found in many parts of the world
;

indeed, they occur wherever the climatic conditions

favour the cultivation of the soil formed under the

physical conditions mentioned above.

It is in the lower parts of river valleys,where the base-

line of erosion has been attained, that alluvial plains

are extensively developed. Accordingly we find them
in the case of comparatively young rivers above gorges,

where softer rocks underlie the river-bed, and also

along the courses of the strike-streams formed in the

manner described on page 1 10. They are also exten-

sively developed along the river-banks towards the

mouths of many rivers. The materials of these

plains are often very varied. Owing to differences in

the velocity of the stream at different times, particles

of different degrees of coarseness become mixed, giv-

ing rise to loams. In places the commingling of land

shells and fresh-water shells adds a certain amount
of lime to the deposit, and accumulations of drift-
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wood may give rise to humus. The finer material

deposited on the flood plains is thus cultivable under

proper climatic conditions in a marked degree. The
river-bed may be receiving deposits of much greater

coarseness than those of the flood plain beyond the

bed, causing gravel to be laid down in close associa-

tion with finer loam, and as the river-bed wanders

these gravel patches are often distributed somewhat

capriciously among the loams of an alluvial plain.

Many of the gravel pits of inland regions are dug
amongst the alluvia of streams, or those relics of

f '
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FIG. 32.

SECTION ACROSS VALLEY SHOWING RIVER-TERRACES.

The oblique lines represent the underlying rocks.

/ ^
a = River-terraces, a a= Alluvium. r= River.

ancient alluvia which, owing to the deepening of a

river-bed, remain on the sides of the river as river-

terraces, as shown in Fig. 32. These river-terraces

have often determined the sites of many settlements,

owing to their being near water, their freedom from

floods, their ability to furnish a soil, and, above all,

their capacity for storing and furnishing a water-

supply. We shall have occasion to refer to this last

capacity in a subsequent chapter.
In certain circumstances parts of a river valley

may be converted into a lake. Lakes may be formed

by excavation of part of the valley floor to a lower

level than that of part of the river-bed nearer to the
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mouth of the stream. Glaciers are by many believed

to be the most effective agents in such excavation,

and it is supposed that they can scoop hollows to

form lake-basins, which afterwards become filled

with water. Lakes, again, may be formed by the

accumulation of natural dams, such as are produced

by landslips and glacial moraines. The largest lakes

are due to earth-movements, which may raise a part of

a river-course above the level of a portion up-stream,
when a lake-basin is produced. In arid regions these

lakes may be temporary and never filled to the brim
;

FIG. 33.

SECTION ACROSS FILLED-IN LAKE-BASIN.

aa = Peat. b b Gravel, sand, and mud. cc=. Shell-marl.

such lakes have no outlet to the sea. In humid

regions the river will fill the hollow to the brim, and

outflow will occur. 1

Lakes are temporary, for the rivers at once

commence to fill up the lake, forming deltaic ac-

cumulations at their mouths, while in deeper parts

of the lake, organisms as fresh-water shell-fish often

flourish so abundantly that they form deposits of

marl on the floor of the lake. The lake is eventually

silted up and a turbary or peat-moss formed upon
1 The lakes of arid regions, owing to the evaporation of water,

often possess deposits of various salts, which have been precipitated

on the lake floor. Some of these are useful as fertilisers, and will

be noticed in a later chapter.
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its surface, through which the stream meanders.

Fig. 33 shows a section through the accumulations

which may be formed in a filled-up lake.

Owing to the growth of peat, the sites of ancient

lakes frequently exhibit a very fertile soil. Many
of the cultivated tracts of mountain regions are

found on the sites of vanished lakes. The shell-

marl may often be dug from no great depth in the

case of lakes which were originally shallow, thus

furnishing a fertiliser for the peaty soil above.



CHAPTER XI

AGENTS OF TRANSPORT AND DEPOSITION
continued

GLACIERS AND ICE-SHEETS

IN
regions where parts of the land lie above the

snow - line the vapour precipitated from the

atmosphere falls as snow, which gradually accumu-

lates and becomes consolidated, first into a granular
substance known as neve and finally into ice. This

ice moves slowly down slopes, and the moving ice

is known as a glacier. Where the snow-fields are

of no great extent the glaciers which arise from

them occupy valleys, as in parts of Switzerland and

Norway; but where the supply of snow is great, it

may be sufficient to give rise to masses of ice which

cover hill and valley alike, as in the interior of

Greenland. Such a mass is known as an ice-sheet.

The laws which control the flow of rivers are, to

a large extent, operative in the case of moving land

ice. Thus the steeper the slope, the greater will be

the velocity of the ice, other things being equal,

and the glacier, like the river, is retarded at the

sides and base by friction against its bed. Again,
at a curve, the current is most rapid at the concave

side of the glacier-bed. Though the movement of

120
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the ice is exceedingly slow as compared with that

of running water, the differential movement of the

ice is sufficiently marked to produce important
results. As the ice cannot accommodate itself to

the irregularities of its bed or to the different rates

of flow in different parts of its mass as a river does,

it becomes cracked, and the cracks, or crevasses as

they are termed, exert some influence on the glacier

as a transporting agent.

One marked difference between the action of

glaciers and that of rivers is that in the case of the

former much of the material which is swept on to

the glacier is transported upon its surface. The
material which falls from the hillsides, owing to the

action of frost and runnels, is piled upon the sides

of a glacier in the form of lateral moraines (/, /,

Fig. 34). The stones of these moraines, undergoing
little change during transport, usually retain the

angular outlines which they possessed when de-

tached from the parent rock. When two tributary

glaciers unite, the adjacent lateral moraines form a

medial moraine (m) upon the centre of the main

glacier. As the ice moves downward it eventually

reaches a place where the melting of the ice is

sufficient to counterbalance the supply brought from

above, if the temperature be sufficiently high to

cause this to occur before the ice reaches the sea.

Accordingly, except in high latitudes, the glacier

ends upon the land, and deposits the material which

it has carried on its surface, and some of that which

is carried beneath in a way to be presently described

as a terminal moraine (V), which is usually crescentic,
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with the convex side of the crescent pointing down

valley. As glaciers recede owing to amelioration

FIG. 34.

PLAN OF GLACIER.

The lines represent slopes of hillsides.

//= Lateral )

m m Medial > moraines.

t= Terminal )

r = River issuing from end of glacier.

of the climate, crescent after crescent may be left

during periods of pause in the recession, separated

by flat tracts sparsely covered with glacial accumu-
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lations, and marking periods of active recession.

Owing to the cracks or crevasses which traverse the

glacier, which frequently engulf streams flowing

over the surface, due to the melting of the ice, some

of the superficially transported material is carried

down beneath the ice, and may .reach its base. The
sole of the glacier is thus armed with material which,

when added to by corrasion of the bed, converts the

glacier into an effective rasp, and enables it to wear

away its bed.

The effects of glacier
- denudation are in some

respects different from those of rivers, and must be

briefly noticed. The stones held in the sole of the

glacier are pressed firmly against the solid rocks of

its bed, and are accordingly worn smaller, especially

by the slight rounding of the angles. An originally

angular stone thus becomes subangular less angular
than the original frost-riven block, but not so rounded

as the water-worn pebble. It also, if of right tex-

ture, receives a polish, and lastly, may have striae or

scratches impressed upon it by the hard grains of

the rocks beneath being pressed against it during its

motion on the ice. A typical subangular scratched

glacial boulder is accordingly easily recognised, and

the recognition is of importance, as the identification

of glacial deposits by the student is desirable. An
illustration of a typical glacial boulder is given in

Fig. 35-

Fresh boulders are constantly being formed by
removal of material from the bed of the glacier, and

the great bulk of boulders of a glacial deposit formed

beneath the ice are doubtless derived from this
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source. Indeed, in the case of ice-sheets there is

no superficial transport where no rocky land pro-

jects above the ice, and in that case the whole of

the boulders must be derived from the bed of the

ice. These boulders will be embedded in the

material formed by the grinding down of the rocks

and large fragments. This material, owing to the

great pressure of the ice, is often in a state of

extreme comminution, as may be seen by examina-

FIG. 35.

GLACIAL BOULDER.

tion of the mud carried by the streams issuing from

the ice.

If climatic conditions should cause the recession

and disappearance of the ice, the ground -moraine

and any material held in the mass of the ice will

be deposited as boulder-clay.

When the ice reaches the sea and portions are

carried away as icebergs, the material held in the

icebergs will be deposited as a marine boulder-clay

having much the same composition as that accumu-

lated upon the land.
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The solid rocks are also modified in a peculiar

manner by the passage of the ice over them. In

a country which had been subjected to ordinary

weathering action before its glaciation a covering

of superficial material might mask the rocks beneath,

and the latter would probably be rotted to some

distance beneath the surface by chemical and

mechanical weathering. The ice would sweep away
the loose material and also the rotted rock, and on

the final disappearance of the ice the ice-worn rock,

ground down by mechanical action alone, would be

fresh, and, owing to the peculiar effects of glacial

erosion, might resist the influence of weather for

some time after the disappearance of the ice, leaving

tracts of bare rock devoid of soil for considerable

periods.

The ice passing over the rocks probably tears large

blocks away along divisional planes, but it also

rounds, scratches, and polishes the rocks, converting

them into roches moutonnees, which are usually

rounded in the direction from which the ice has

come, being rough and rent on the opposite side, as

shown diagrammatically in Fig. 36.

The rivers issuing from the ice carry glacial

materials, which are deposited in much the same

way as are the materials transported by ordinary

rivers. These deposits of glacial rivers are termed

fluvio-glacial deposits, and their composition will

much resemble that of ordinary glacial deposits,

allowing for the difference produced by the sorting

action of the water.

As many areas, including a large portion of our
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own islands, have been subjected to the action of

land-ice in past times, it is important for us to inquire

what effects this has produced upon the country from

an agricultural point of view.

Our upland valleys frequently show signs of

vanished valley glaciers in the shape of terminal

moraines of clayey and often sandy material crowded

with boulders. These terminal moraines do not, as

'

FIG. 36.

ROCHE MOUTONNEE.

The glacier moved from left to right.

a general rule, occupy large areas, and therefore need

not be further considered.

Far different is the case with the boulder-clay, or

till, as it is sometimes termed, which is widely spread

over large tracts of some parts of our islands, and

especially away from the centres of the upland

regions, where, indeed, it may often have been re-

moved by the ploughing action of subsequent valley

glaciers.

The origin of this till is still under discussion.

While most writers hold that the bulk of it is of

terrestrial formation, having been deposited by ice-
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sheets during the recession of the ice, others believe

it to be largely marine. This question, however,

does not greatly concern us, for, as has been stated

above, the composition of the terrestrial and marine

boulder-clays will be very similar.

The glacial drift of the ice-sheets has been de-

posited in such a way that it often fills pre-existing

inequalities in the ground, giving rise to a more

uniform surface than that which originally existed,

though the surface is often by no means flat, but

diversified by those elongated hummocky mounds
which are so often characteristic of a formerly

glaciated area mounds whose slopes are frequently
so great that cultivation by lynchet has been fre-

quently resorted to in their case. As a result of

the filling up of inequalities, the thickness of the

glacial drift varies rapidly in different spots. Where
the drift has filled up an old valley it may be scores

of feet in thickness, and in close proximity to this

may be only a few feet deep. A knowledge of this

is frequently important when searching for water

in wells, and for other reasons.

The cultivable character of the boulder - drifts

naturally differs greatly, according to the nature

of the rocks from which the drift has been mainly
derived. If the material has been largely derived

from sandy rocks the mass of the drift will be sandy,
if from clays clayey, and if from lime calcareous.

As many drifts have, however, been formed from

a variety of rocks, the composition of the inorganic
materials of drift soils is likely to be more varied

than that of soils formed in situ by weathering.
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The extreme comminution of the particles of

much of the boulder-clay and its pressure by over-

lying ice frequently render the clay extremely

compact, so that it is difficult to remove it with

the spade.

Again, the boulders often occur in very large

numbers, and may be of great size, thus retarding

agricultural operations, though, on the other hand,

when removed from the soil, they may be often

utilised for walling.

One very important character of glacial drift from

the point of view of soil-formation is due to the

fact that the disintegrating action of the ice is

purely mechanical, and consequently the soluble

constituents of the rocks from which the drift has

been derived have not been removed. These soluble

constituents may be taken up by the plants but

slowly, and accordingly the drift soils may not yield

such abundant crops as other soils at the outset, but,

on the other hand, they may continue to furnish

supplies of these soluble materials long after those

of other soils have been exhausted.



CHAPTER XII

AGENTS OF TRANSPORT AND DEPOSITION
concluded

THE SEA

THE
oceans are the great receptacles of sediment,

which is partly carried into them by rivers and

partly worn from the sea -margins as the result of

marine denudation.

Marine denudation is caused by waves beating

against the coast-line and hurling fragments of rock

at the rocks of the coast. These fragments may be

partly supplied by the agents of sub-aerial weathering
and largely by the destructive action of the waves.

On flat coasts the sea may gradually encroach on the

land without formation of cliffs
;
but when the land

is of some elevation cliffs may be produced by the

battering of the waves, aided by weathering above

the line of effective wave -action, and by the com-

pression of air in cracks of the rock causing frag-

ments to be burst off the cliffs. As the lower limit of

wave-action is only a few fathoms beneath the

surface, the result of continued marine denudation is

the conversion of the destroyed land into a plain of
marine denudation at a level determined by the down-
ward limit of effective wave-action.

K 129
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As marine denudation is often very destructive to

valuable land along the coasts, it becomes of import-
ance to check, when possible, the depredations of

the sea, or, at any rate, to avoid any act which might
tend to accelerate them. Parts of the east coast of

England have been worn away by the sea at the rate

of several feet per annum, and the sites of some
ancient towns and villages are now far out at sea.

Study of the mode of transport of material shows

how the waste of the coast is affected by the removal

of material from the foreshore, as will be pointed out

below.

We may consider the transporting action of the

sea under two heads, namely (i) the carriage of

material seaward, and (2) its transport along the

shore.

Material is carried seaward as the result of the

transporting action of off- shore currents. These

currents are, like the waves, superficial, and when a

particle of sediment has fallen to the lowest limit of

effective onward transport, it will then fall vertically

down to the sea-floor.

As the lighter materials will be carried further out

from the coast before they have reached their lowest

limit, the materials are sorted during their transport,

and accordingly the mechanically suspended sediment

is deposited somewhat in the manner shown in Fig. 37.

The heavy pebbles are dropped close to the shore,

forming a beach if the water be shallow
; beyond

this are sand-flats often laid dry at low water
;

further away the mud is deposited, and may be

carried to a distance of 100 miles from the coast.
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Beyond this, masses of limestone and silica are pro-

duced by the agency of organisms, which abstract

the lime and silica from solution in the sea-water.

In many cases the sea is clear of mechanical sediment

much nearer to the shore-line, and organic deposits

may then be formed at no great distance from the

shore, as in some parts of the Irish Sea. At the

junction of two kinds of deposit an intermixture is

likely to occur, and thus tracts of sandy mud or

loam, and muddy limestone or marl, are formed.

FIG. 37.

SECTION SHOWING TRANSPORT AND DEPOSIT OF SEDIMENT.

SS= Sea-level. C= Coast.

a= Pebbles. = Sand. f= Mud. d=L,ime.

Vertical scale much exaggerated.

After elevation of the sea-floor to form land, the

sediments thus accumulated, and more or less con-

solidated in the course of ages, form the rocks of the

earth's crust, the destruction of which gives rise to

the varieties of soil described in Chapter IX.

The material which is deposited is not only that

which is worn away by wave-action from the coastal

margins, but also that brought down by rivers.

In favourable circumstances the latter material is

built up around the river mouth, forming a more or

less fan-shaped delta, which gives rise to cultivable

land of much the same character as that formed on



132 AGRICULTURAL GEOLOGY

the alluvial flats of river-valleys, or on the sites of

filled-up lakes.

-The on-shore transport of material is due to cur-

rents flowing obliquely toward the coast, and when

striking it being deflected along the shore. Thus the

prevalent south-west winds cause an eastward drifting

of beach material along the south coast of England,
while the tidal currents flowing southward along the

east coast of England move the material held in

suspension in the sea -water to the south. The
material which has been removed from one part of

the coast may thus be added to another part. Thus

the fenland to the south of the Wash largely owes its

existence to the deposit of marine silt which has

been removed by denudation from the Yorkshire

and North Lincolnshire coasts in the bay of the

Wash, which is thus being gradually filled up ; owing
to the growth of marsh vegetation on the flat tract

thus acquired, a new land eminently adapted to

cultivation has been produced.

The conversion of flats of marine sediment in

estuaries into fertile land tracts has already been

carried out to a considerable extent in England ;
but

there is yet much marsh land available for conversion

into cultivable ground. In addition to the fenland

and the estuaries around Morecambe Bay, parts of

the Welsh coast have been rendered available for

cultivation by artificial means. Toward the begin-

ning of the last century about 7,000 acres of land

were gained from the sea in the Portmadoc estuary

at a cost of 100,000.

Many tracts of land which have been newly formed
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are the result of the joint action of river and sea, pro-

ducing deposits which are partly of deltaic origin and

partly due to the addition of marine sediment. Of
this nature are the flats lying on the north side of

Morecambe Bay, which have been recently reclaimed

and converted into arable land.

In other parts of the world very extensive tracts

of cultivable land have been produced by one or

other of these actions, or by a combination of the

two. Special mention may be made of the tracts

along the north coast of the Adriatic, which are

largely due to the partial filling up of that sea by the

sediment which is borne down from the northern

slopes of the Alps by the rivers of Northern Italy.

A very slight elevation of the land or lowering
of the sea may give rise to the formation of con-

siderable tracts of cultivable land, not differing very

widely in their nature from those which have been

above described. The great coastal plain which

extends with varying width along the east side of the

United States has been under water at no distant

date, and by earth-movement has been converted

into land.

On a smaller scale this has taken place in Britain.

In many parts of our country raised beaches are

found at varying heights above sea-level, and they are

often flanked by flat strips of land covered by marine

deposits, which are frequently of a cultivable nature.

These former sea-floors may be well observed in

several parts of Scotland, as, for instance, around the

estuary of the Clyde, where they are often backed

by old sea-cliffs.
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Reference was made above to the importance of

studying on-shore transport of sediment in order to

prevent the destruction of land. It is not always

consoling to know that the material robbed from one

place is added to another, even if the addition be

utilised for purposes of cultivation elsewhere. Now,
it has been ascertained that the beaches along coast-

lines, when sufficiently developed, act as breakwaters,

preventing or checking the destruction of the land

FIG. 38.

PLAN OF SHORE, SHOWING EFFECT OF GROYNE.

The continuous line with oblique lines above indicates present posi-

tion of cliff.

The dotted line shows former position of cliff on lee side of groyne.
The round marks represent shingle.

The arrow shows direction of movement of beach material.

behind. If a groyne be constructed, as shown in

plan in Fig. 38, the beach material will accumulate

on the windward side of the groyne, and will be

washed away from the lee side, thus laying bare

a tract of coast
;
the sea is therefore enabled to make

further inroads and to wear away the portion of the

land which extended to the broken line. Con-

struction of groynes should therefore be avoided if

there is risk of destruction of land thereby. Destruc-

tive effect may also be produced by the excessive

cartage of beach material for use elsewhere.



CHAPTER XIII

EARTH-MOVEMENTS, VOLCANOES, AND
METAMORPHISM

THE
effect of denudation would be to reduce all

lands below the sea-level. The destructive

action of the denuding agents is, however, counter-

balanced by certain changes which are generally

maintained to be due to the loss of heat from the

earth's interior.

The interior of the earth as it gives off heat is

believed to contract, and as the shrinking interior

diminishes in size, the outer crust must adapt itself to

the changed conditions by folding or fracture, or by
both. This would give rise to the relative elevation

of some parts of the earth's surface as compared
with others, and therefore these movements are

usually referred to as movements of elevation and

depression.

New land might emerge from the sea as the result

of lowering of the sea-floor, and accordingly of the

ocean waters
;

or by uplift of the land above the

waters.

That movement of the land does occur is abund-

antly evidenced in regions which are affected by

earthquakes, for tracts of these regions are often
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permanently raised or lowered by earthquakes with

respect to the surrounding tracts.

It is generally believed that many earthquakes are

mere episodes in long periods of tranquil earth-move-

ment sudden jars due to snapping of the rocks

beneath the surface.

Be this as it may, the fact that earth-movement

has taken place in past times is fully proved by the

existence of rock-strata in which the planes of strati-

fication, once horizontal, are inclined at various

angles, and in some cases are vertical or even over-

turned.

To the student of agriculture the causes of the

tilting of these strata are unimportant ;
and we need

not pursue the subject of earth-movement further

than to state that the most evident foldings of the

strata are usually found in mountain regions or

among the denuded stumps of ancient mountain-

systems, while plateaux and plains are frequently

occupied by strata which are nearly or quite hori-

zontal.

The study of the effects of inclination of the strata

is, on the contrary, most important, and a special

chapter must be devoted to consideration of the lie

of the strata and the manner in which folds and

fractures affect the stratified rocks.

VOLCANOES. The fissures which are produced as

one of the results of earth-movement may form lines

of weakness, through which matter from the interior

of the earth is brought to the surface in a molten

condition or in a fragmental state. The molten rock

and the fragments of once molten material accumu-
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late around the vents through which they are forced,

to form volcanoes, which are merely accumulations of

this ejected material covering the earth's surface, as

it existed before their emission. A volcano differs

from an ordinary hill, not only in the character of

its component rocks, but also in its mode of origin ;

fvv?)

n
FIG. 39.

SECTION THROUGH A VOLCANO.

Rock forced in or poured out in molten state.

Fragmental rocks (volcanic ashes).

Coarse volcanic agglomerate in neck.

C= Crater, n n= Neck. /= Parasitic cone.

it is a hill of accumulation, not one of upheaval worn

into shape by denudation.

Fig. 39, which is a diagrammatic section across

a volcano, will give the reader a general idea of the

character of a normal volcano.

The nature of the soil derived from volcanic rocks

varies considerably, as the rocks themselves are of

very varied composition.
As the rocks brought out from the earth's interior

have undergone no weathering action prior to
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emission, their soluble constituents have not been

leached out, and they usually contain a consider-

able quantity of alkali, often a potash salt.

Again, the fragmental rocks which are thrown out

as volcanic ashes and volcanic dust are usually very

porous and permeable ; accordingly they are readily

decomposed by the agents of weathering, and thus

give rise to soils.

The soils of volcanic regions are consequently often

extremely fertile, so much so, indeed, in many cases

that a considerable population engaged largely in

agricultural pursuits is often found existing on the

slopes of active volcanoes, undeterred by the catas-

trophes which have happened in former times.

Volcanic rocks are frequently found associated

with the sediments of ancient date. The Snowdonian

heights, the group of Scawfell in Cumberland, and

many of the hills of the Central Valley of Scotland

are composed of rocks of volcanic origin of very
ancient date, and these rocks doubtless have an

influence on the composition of the overlying soil,

though the steep slopes of many of the hills com-

posed of volcanic rock, which owing to their hardness

have resisted denudation while the softer surrounding
rocks have been worn away, render them unfit for

tillage, and cause them to be utilised chiefly for

sheep pasture.

METAMORPHISM. Reference has already been

made to the fact that rocks undergo considerable

changes after their formation, and when these changes
are very great the rocks which have undergone
alteration are spoken of as metamorphic rocks.
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Metamorphism may be brought about by per-

colation of heated water through rocks
; by the

heating of the rocks owing to the injection of molten

rock among them
;
and lastly by the pressure exerted

by great masses of overlying rock, or in a lateral

direction during earth-movements. Fresh divisional

planes are thus produced in some rocks, for instance,

the cleavage-planes, which are specially found in

FIG. 40.

PIECE OF SCHIST.

Dotted part = Felspar.

White part
= Quartz. Black part

= Mica.

muds which have undergone great lateral pressure ;

these, owing to the possession of this property

of cleavage along planes often inclined at high

angles to the original planes of bedding, are known

as slates.

In addition to the physical changes which are

brought about as the result of metamorphic action,

many important chemical changes also occur, and

over many areas the rocks have become completely
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crystalline, and have entirely lost their original

texture. The crystals are usually arranged in layers

or folia lying parallel to one another, and along these

layers the rocks are often readily split. Such, foliated

crystalline rocks are known as crystalline schists. 1

In Fig. 40 a representation of a fragment of crystalline

schist composed of three minerals felspar, mica, and

quartz is given.

The crystalline schists often occupy vast areas

of country. In our own islands a great part of the

North-west Highlands of Scotland, and of Donegal
in Ireland, is mainly occupied by these rocks. They
are widely spread over Scandinavia and parts of

Bavaria and Bohemia, and occupy a considerable

portion of Brazil and great tracts in Canada.

The soils which cover them are very varied in

character, for the composition of the schists varies

enormously. They usually contain a considerable

proportion of soluble material, but it is not in all

cases easily extracted from the rocks, and accordingly

whereas many schists give rise to a very fertile soil

there are other cases where the ground occupied

by these schists is peculiarly barren, the bare rock

occupying the surface of the ground over wide tracts

of country.
1 See Chap. VII, p. 73.
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CHAPTER XIV

GEOLOGICAL MAPS AND SECTIONS

MANY things may be represented upon geo-

logical maps, but two kinds of geological

maps are of particular importance to the student of

agriculture, viz. that kind which exhibits the distribu-

tion and variations in the characters of the superficial

accumulations which lie between the solid rocks and

the soil (if the latter be present), and that which ex-

hibits the distribution and variations in the characters

of the solid rocks.

The Geological Survey of Great Britain and Ireland

publishes these two kinds of maps, and it is desirable

that the student should be thoroughly conversant

with the significance of the various records which are

entered upon these maps.
It will be convenient to commence with a descrip-

tion of the maps which represent the distribution of

the solid rocks.

As a large part of the earth's surface 1
is occupied

by stratified deposits, the boundaries between the

different divisions of these rocks tend to coincide

1 The earth's surface is spoken of here as though the superficial

deposits did not exist. A geological map of the solid rocks represents

what would be seen if these superficial accumulations were stripped off.

143
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with the appearance of planes of stratification upon
the surface.

If the strata had not been disturbed, as described

in the last chapter, they would occur in layers parallel

with the surface of the earth
;
but owing to disturb-

ance and denudation the edges of the strata frequently
abut against the surface, and the strata themselves

slant downward beneath the surface.

We must now consider various points connected

with the inclination of strata and the terminology
which is applied thereto.

Inclined strata are said to dip. They dip down-

ward beneath the surface of the earth. The angle
of true dip, which is usually spoken of simply as the

dip, is the greatest angle which the stratum makes

with a horizontal plane. If a sheet of paper be held

on the slope, and considered to represent a bed,

the greatest angle to the horizon would be that

measured between a line down which a drop of water

would flow on the paper and a horizontal line drawn

immediately under it. The direction in which the

line formed by the water-drop slopes downward is

the direction of the true dip or, shortly, direction of

dip.

In Fig. 41 the direction of the dip is shown by the

arrow.

If a vertical cutting, such as a cliff or a railway

cutting, exhibited inclined strata, and if the face of the

cutting were in the direction of the dip, the true dip

of the rocks would be exhibited in the cutting. If,

however, the cutting extended in any direction not

that of the true dip, or that at right angles to it, the
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beds would appear to be inclined
;
but the inclination

would be less than that of the true dip, and the

direction of this inclination would, of course, be

different from that of the true dip. A dip which

is not the true dip is spoken of as an apparent

dip. Should the cutting be made at right angles

to the direction of the true dip, the beds would

appear to be horizontal as seen in the cutting, how-

FIG. 41.

STRATA SHOWING DIP AND STRIKE.

ever high the actual inclination of the beds might be.

This direction is spoken of as the direction of the

strike. The strike of the beds is an imaginary hori-

zontal straight line drawn at right angles to the

direction of true dip of the beds. It is indicated by
the thick black line ruled across the uppermost bed

in Fig. 41.

The line of intersection of a plane of stratification

with the earth's surface is known as the outcrop of
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the plane of stratification. The outcrop of a stratum

is the appearance of the stratum at the surface, and

in inclined strata the successive outcrops will form

strips of varying width on the surface of the ground.
The outcrop, as will be explained presently, may

or may not coincide with the direction of strike of

the beds.

The case of a house-roof is often taken to illustrate

dip and strike. If the slates be supposed to represent
a bed, the direction of the greatest slope of the roof

is that of the dip, and the ridge of the roof is in the

direction of strike.

It is of the utmost importance that the direction

and the amount of the true dip should be correctly

ascertained, and that apparent dip should not be

mistaken for true dip. If one vertical cutting with

an absolutely smooth face were alone visible, the

observer could not tell whether it displayed the true

dip or merely an apparent dip. With two such

cuttings the direction and amount of true dip could

be calculated after observing the directions and

amounts of apparent dip. This will be considered

in the sequel. In nature, as the exposures of rocks

are not usually on absolutely smooth faces, the true

dip may be generally ascertained when the face of

the cutting is not in the direction of true dip, owing to

the surfaces of beds projecting slightly. In Fig. 42 the

true dip is supposed to be seen in the section facing

the reader. If the observer could only see the cliff

which is shown in profile, he would see an apparent dip

from a distance (or horizontal beds if the cliff were

in the direction of strike), but could obtain the direc-
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tion and amount of the true dip where the surfaces of

the beds b and c are exposed at x and y respectively.

It is not always possible to distinguish between

planes of stratification and other divisional planes

traversing strata. In most cases the distinction is

obvious, but in other cases much practice is needed

to discriminate, and the student should never lose an

opportunity of studying the features presented by

planes of stratification and by other divisional planes.

Ob
*x/

/'

FIG. 42.

The inclination of strata is measured by an instru-

ment known as the clinometer, of which there are

many forms, most of these also carrying a compass
which is required for ascertaining the direction of the

dip of the strata. A useful form is represented in

Fig. 43. A freely swinging pendulum is attached to

the centre of a graduated circle. At the bottom of

the instrument is placed a straight bar. If this bar

be laid on a flat surface, the circle being held vertically,

the pointer of the pendulum points to o, and if the

bar be laid against a vertical surface, the pointer

indicates 90, if on a slope of 45, the pointer shows

45, and so on. When the true dip is known to be ex-

hibited in a vertical cutting the amount of dip can be
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most readily ascertained by standing some way from

the cutting and holding the instrument so that the

bar lies parallel with the plane of stratification whose

inclination is being determined. Should, however,
the dip be taken on the surface of a bed, as that

FIG. 43.

COMPASS-CLINOMETER.

surface may not be absolutely smooth, it is advisable

to place a flat ruler on the bed, so that minor in-

equalities are avoided, and then to place the bar of

the clinometer on the ruler. The direction of the

true dip can then be ascertained by moving the clino-

meter (held so that the circle is vertical) until the
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highest angle which can be read off is obtained. That

is the angle of true dip, and may be recorded.

A very convenient clinometer may be formed by

having a graduated semicircle sunk into the face of

a ruler, so that the pendulum may be shut in when

the ruler is folded up. A small -compass may be let

in to another part of the ruler, and the observer is

then supplied with measure, clinometer, and compass
in one instrument.

The reader is no doubt aware that the compass in

Britain does not point to the true north, but some-

what to the west of it. The amount of deviation

from true north varies at different times. At the

present time the compass in Britain points about

1 6 west of true north. This is magnetic north,

but observations of direction should in all cases

be recorded with reference to the true north, and

not to the magnetic north.

The direction of the dip is usually indicated on a

geological map by an arrow, the head of which points

to the direction of the dip, the actual point of the

arrow coinciding with the point at which the observa-

tion is made, while the amount of dip is indicated

by figures placed near the head : thus a sign ^45
indicates that the bed is dipping in a south-westerly

direction at an angle of 45.
We may now consider the nature of the folds into

which inclined beds are thrown, and it is convenient

to refer these folds to ideal cases to which they

approximate more or less closely when they do not

actually agree with them. When strata are thrown

into an arch, as represented in section in Fig. 44, the
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arrangement is spoken of as an anticlinal fold or

anticline. With this arrangement the beds dip away
on either side from a common axis. If the anticline

be regarded as a semicylinder, the axis of the anti-

cline is the line which forms the axis of the cylinder.

The anticline may be symmetrical, as in Fig. 44 (a),

or asymmetrical, with one side steeper than the

other, as in Fig. 44 (b).

If the anticline be folded around a horizontal axis,

and its top denuded to a plane surface, the beds will

crop out as parallel strips, as shown in Fig. 45 (A). If,

however, the axis of the anticline be itself inclined,

and the system be denuded to a level surface, the

FIG. 44.

SECTIONS OF ANTICLINAL FOLDS.

beds will crop out with V-shaped outcrops, as shown

in Fig. 45 (B) ;
the apices of the V's will in this case

point in the direction in which the axis is dipping.

This is of considerable practical import, and many
serious errors in the search for strata have been made

by want of recognition of the fact that the axis is

sometimes inclined.

When strata are thrown into a trough, as shown

in Fig. 46, the arrangement is spoken of as a

synclinal fold or syncline. This may also be sym-
metrical or asymmetrical. The outcrop of the beds

of a syncline will be like those represented in the

case of the anticline, except that the arrows in the

map will be directed towards the axis, and the newest
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FIG. 45.

PLANS OF ANTICLINAL FOLDS.

A. With horizontal axis. B. With inclined axis.

x x =s Direction of axis.

The unfeathered arrows show directions of dip of beds.

The feathered Arrow in B shows direction of dip of axis.
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bed of the system will crop out above the axis in

FIG. 46.

SECTIONS OF SYNCLINAL FOLDS.

place of the oldest bed, which is the case with the

anticline. This is shown in Fig. 47.
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In Fig. 48 (left-hand section) is represented a fold

which consists of anticline with syncline. It will be

seen that one part of the fold x is common to the

two
;

this is known as the middle limb or septum.

If the middle limb possesses a marked inclination,

and the other limbs are practically horizontal, as

shown in Fig. 48 (right-hand section), the arrangement
is spoken of as a monoclinal fold or monocline.

If lateral pressure be applied to the rocks, as

arranged in Fig. 48, so that the middle limb rotates

around its central point x
,
this limb will become

vertical, and finally turned over, so that the beds

FIG. 48.

which were originally lower in it now become upper-
most. These beds are said to be inverted, and the

arrangement is known as an over/old. An overfold

is represented in section in Fig. 49.

It will be observed that the older bed b is now
above a in the middle limb, though it is beneath a

in the other limbs. Overfolds are often found in

mountain regions, or in areas which represent the

denuded stumps of mountain regions, and the beds

of the middle limbs are frequently thinner than the

corresponding beds of the other limbs, owing to

stretching.

If strata, instead of dipping away from an axial

line as in the case of an anticline, dip from a point,



154 AGRICULTURAL GEOLOGY

the arrangement is spoken of as a dome. The
section across a dome will resemble that taken across

an anticline at right angles to its axis, but the plan

FIG. 49.

SECTION OK OVERFOLDED BEDS.

of a denuded dome will differ from that of an anti-

cline. If the dome were absolutely symmetrical, the

beds would crop out on a horizontal surface as con-

FIG. 50.

centric circles, as shown in plan in Fig. 50 (A), though,
as the majority of domes are not symmetrical, it is

more common for the outcrops to approach the form

of ellipses, as represented in plan in Fig. 50 (B). Beds
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folded in the form of a dome are sometimes spoken
of as having a quaquaversal dip : this term is, how-

ever, but little used at the present day.
A basin bears the same relationship to a dome as

a syncline bears to an anticline. In it the beds dip

FIG. 51.

toward a common centre. The section across a

basin is therefore similar to that across a syncline at

right angles to its axis, while in plan the basin

appears as seen in Fig. 51, where A represents a

symmetrical, and B an asymmetrical basin.

FIG. 52.

SECTION OF OVERLAP.

Two other arrangements of strata remain to be

noticed. They are respectively termed overlap and

unconformability, or, more shortly, unconformity.

Overlap is represented in Fig. 52. If the supply
of sediment during the formation of a stratum b was
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not carried beyond x
,
whereas the supply was carried

beyond it during the deposition of the underlying
stratum a and the overlying stratum c, the stratum c

is said to overlap the stratum b. The disappearance
of a stratum of economic importance by overlap
must always be reckoned with.

If a set of strata be uplifted and partially denuded

before the deposition of another set upon them, the

lowest bed of the latter set will rest upon the edges
of various members of the underlying set, as shown

FIG. 53.

SECTION OF UNCONFORMITY.

= Older group of strata. b= Newer group of strata.

PP= Plane of unconformity.

in Fig. 53. This is an unconformity, and it implies

depression of an area beneath the sea-floor during
the accumulation of the lower set of strata if they be

marine
; secondly, uplift of these strata to give them

their inclination and to allow of their partial denuda-

tion
;
and thirdly, fresh depression to allow of the

accumulation of the newer set.

There must, of course, be subsequent upheaval to

cause the appearance of the second set above the

water, and to allow of their partial denudation, if the

older set be exposed at the surface, as is often the

case in nature.
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FIG. 54.

PLAN OF NORTHUMBRIAN, AND YORKS

DERBY AND NOTTS COALFIELDS.

Showing unconformity between Permian

and Carboniferous Beds.

The Permian beds on the east are

represented by broken lines.

The crosses represent coal measures.

The dots represent Millstone grit.

The vertical lines

represent Lower Carboniferous Beds.

The arrows show directions of dip.
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Unconformity may be detected in plan as well as

in section, owing to the difference of strike of the

two sets of beds, as shown in the map, Fig. 54, which

represents a part of the North of England, including

the Northumberland and Yorkshire coalfields and

adjoining country, where the Permian strata rest

unconformably upon the upheaved edges of the

more ancient Carboniferous strata. It will be noticed

that the planes of stratification of the newer system
of beds tend to possess a general parallelism with

FIG. 55.

SECTION OF UNCONFORMABLE OVERLAP.

the plane of unconformity, whereas the planes of

stratification of the rocks of the older system abut

against it.

Unconformity is often accompanied by overlap,

owing to the deposition of newer strata against

a subsiding surface of sloping land. This is repre-

sented in Fig. 55, where the newer strata a, b, c rest

on the folded and eroded older strata, and in addition

b overlaps a and c overlaps b. This is spoken of as

unconformable overlap.

Numerous local unconformities on a small scale

are frequently formed in beds deposited in shallow
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water, owing to variations in the velocity and the

direction of currents of water. The currents may
at one time erode and at another deposit. The
strata are accordingly inclined at various angles, and

this is especially the case with stratula 1 and laminae,

as represented in Fig. 56. This arrangement of the

deposits is spoken of as False Bedding, or sometimes

as Current Bedding or Diagonal Stratification, though

FIG. 56.

DIAGRAM OF FALSE BEDDING.

the first of these is the term which is usually

adopted.

VARIATION IN THE WIDTH OF OUTCROP OF
STRATA. The width of the outcrop of strata de-

pends upon (i) their thickness, (ii) their angle of dip,

(iii) inequalities in the level of the surface of the

ground. If the ground be horizontal, and the dip
of the bed constant in amount and direction, any
variation in the width of outcrop of that bed is de-

pendent upon variation in the thickness of the bed.

The outcrop of a bed naturally becomes narrower

as the bed thins out Many variations in the width
1 Stratula are thin strata.
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of outcrop occur, however, when the beds are not

thinning out, and these are due to variations in the

dip or in the surface of the ground. On a level

surface the outcrop of a horizontal stratum would

extend as far as the deposit existed. If the surface

remained level and the stratum were vertical, the

width of the outcrop would be equal to the thickness

of the bed. If the stratum were inclined and the

ground level, the width of the outcrop would be

greater than the thickness of the bed, and would

increase in amount as the dip became less. This is

y

FIG. 57.

SECTION SHOWING VARIATIONS IN WIDTH OF OUTCROPS
OWING TO DIFFERENT INCLINATIONS OF BEDS.

illustrated in Fig. 57, which shows three beds of

similar thickness : one vertical, another dipping at

an angle of 15, and the other at an angle of 60;
the width of outcrop is represented in each case by
the distance from x to y.

The variations due to inequalities of the ground are

not quite so simple when shown upon a map. When
a bed is horizontal, or dips in a direction opposite to

that of the slope of the ground, the outcrop becomes

narrower as the ground becomes steeper, until, when

the ground forms a perpendicular precipice, the out-

crop would be represented on a map as a line. This
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is illustrated in section in Fig. 58, which exhibits

two beds of equal thickness
;

one crops out on

a highly inclined surface, the other on a surface

which slopes more gently. The width of outcrop as

seen on the map is indicated in each case by the

horizontal dotted lines xy which join the two vertical

lines drawn from the points where the planes of

stratification defining the upper and lower surfaces

of the beds cut the ground along the line of section.

FIG. 58.

SECTION SHOWING VARIATIONS IN WIDTH OF OUTCROP
OF BED WITH VARYING SLOPE OF GROUND.

Should a bed in any part of its outcrop dip in the

same direction as the slope of the ground, the width

of outcrop may suddenly increase, as shown in Fig. 59,

where the left figure exhibits a bed whose dip is in a

direction opposite to that of the slope, while the right

figure exhibits a bed of similar thickness, which, over

a considerable width of its outcrop, is inclined in the

same direction as that in which the ground slopes.

Sudden and marked changes in the width of outcrop

may be suspected to be due to this cause, rather than

to sudden increase in the thickness of the bed.

M
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SINUOSITIES OF OUTCROP ON UNEVEN GROUND.
Strike has been defined as a horizontal straight

line at right angles to the direction of the dip of a

bed. Accordingly, on a horizontal surface the out-

crop of a plane of stratification will be along its line

of strike, and a bed will crop out in the direction of

its strike. The same thing would occur on sloping

ground, if the strike of the strata were at right

angles to the angle of greatest inclination of the

slope. Otherwise, on inclined ground, the direction of

the outcrop will deviate from that of the strike, unless

FIG. 59.

SECTIONS SHOWING VARIATIONS IN WIDTH OF OUTCROP (xy)
OF BED WITH SLOPING GROUND.

the beds be absolutely vertical. In the case of

vertical beds the outcrop as exhibited on a map will

run in the direction of strike.

If the student will examine a contoured map of a

region occupied by hill and valley, he will notice that

the contour lines (each of which is drawn through

points having the same vertical height above the sea-

level) form U- or V-shaped lines, the apices of which

point towards the heads of the valleys and in the

opposite direction on the intervening ridges. It is

obvious that horizontal beds would crop out in the

same way, hence :

I. The outcrops of horizontal bedsfollow the contour
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lines. In this case the observer, walking towards the

head of the valley, will constantly pass from older to

newer beds.

Now let us imagine that the beds instead of being
horizontal are very slightly tilted, so that they possess

a dip; and let that dip be towards the head of the

valley. It is obvious that this very slight tilt will

not produce a very great change in the direction of

the outcrop, and the apex of the V formed by the

outcrop of each bed will still point up the valley,

though the outcrops will no longer follow the contour

lines, the apices of the V's now forming a more

obtuse angle than that of the contour lines. As the

amount of dip is increased, the angle of the apex
will become more and more obtuse, until at length,

when the bed is vertical, there will be no angle ;
but

the bed, as already stated, will crop out along a

straight line parallel to its strike. Therefore :

2. When a bed dips towards the head of a valley>

the apex of the V-shaped outcrop points up the valley.

This is shown in Fig. 60 (right-hand figure), which is

a representation of one of Sopwith's models made to

illustrate the mode of outcrop of beds, representation

of two other models illustrating the cases to be

described being given in the other portions of the

figure. In the case represented by Fig. 60 (right-

hand figure) also, the observer reaches newer beds as

he proceeds towards the head of the valley.

When a bed dips down the valley the direction of

the apex of the V depends upon the relationship
between the angle of dip of the strata and the angle
of inclination of the valley floor.
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3. When the bed dips down the valley at a greater

angle than that of the valley floor, the apex of the V
points down the valley. This is seen in the model

represented in Fig. 60 (central figure). In this case

the observer passes from newer to older beds as he

proceeds up the valley.

4. When the bed dips down the valley at a less

angle than that of the valley floor, the apex of the V

FIG. 60.

SOPWITH'S MODELS.

On right-hand side the beds are dipping up valley.

In centre the beds are dipping down valley at a greater angle
than slope of valley floor.

Oil left-hand side the beds are dipping down valley at

less angle than that of valley floor.

Figures give amount of angle of dip.

points up the valley (see left-hand figure). If we tilt

the model so that the valley floor is horizontal, and

proceed with the tilt so that the valley now slopes

very slightly in the opposite direction, as the angle of

dip of the bed is greater than the original angle of

the valley, the dip of the bed would remain in its

original direction, and as the valley slope is now

reversed, the bed would be dipping up the valley,

and the arrangement would be the same as in case 2.

In case 4, as in cases i and 2, the observer passes
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from older to newer beds when proceeding up the

valley.
1

From these considerations it is obvious that when

the apex of the V is pointing down the valley, the

direction of dip is indicated, and accordingly a

student, when examining a map of a country di-

versified by ridge and valley, noting that the apices

of the V's are directed down the valley, knows that

the dip is seaward rather than towards the interior

of the country, whereas if the apices of the V's are

directed up valley, he cannot tell from that alone

whether the beds are dipping seaward or in the con-

trary direction.

Should the dip be in the actual direction of the

valley floors and ridge-summits, the outcrop of the

beds will be on the whole at right angles to that

direction, whereas, if the dip be oblique, the outcrop
will also be oblique, as shown in Fig. 61 (A and B).

As in most countries the vertical heights are slight

when compared with horizontal distances, the general

direction of outcrop will correspond with the general

direction of strike of the beds, for, when a consider-

able distance is traversed, the zigzags on either side

of the direction of strike do not depart very widely
from that line.

The sinuosities of outcrop, also, are likely to

be greater when the beds approximate to the

horizontal, and smaller when they approach the

vertical.

As these sinuosities increase, portions of promon-
tories of newer rocks may be severed from the

1
It is assumed that the beds are not inverted in these cases.
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S

FIG. 61.

PLAN OF OUTCROP OF STRATUM.

A. At right angles ) ,

B. Obliquely J
to slope of valley floors.

RRR= Rivers.
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main mass, as shown in Fig. 62. In this case

islands (as it were) of newer rock are entirely sur-

rounded by older rock. These are termed outliers.

PLAN OF ESCARPMENT AND OUTLIERS.

The outliers, a', of the bed, represented by dots, were once continuous

with the main mass, and have since been severed by denudation, so

that each is now surrounded by the bed, b (represented by circles).

The arrow shows direction of dip.

rr= Rivers.

Outliers usually, though by no means necessarily,

occur on hill-summits
;
should they not, they must be

the lower portions of basin-shaped folds. In many
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cases the outlier occupies a hilltop and at the same

time forms the base of a geological basin, as shown
in Fig. 63, for the rocks are here in a position of

comparative stability, and the outlier is likely to

endure for some time.

As outliers are so frequently due to the severance

of portions of peninsula-like masses of beds from the

main mass, they are likely to be far more numerous

in the case of slightly inclined strata than of highly
tilted beds, and they are accordingly frequently

FIG. 63.

SECTION SHOWING ESCARPMENT, E, AND OUTLIER, O, OF HARD
BEDS RESTING ON SOFTER BEDS, SS,

THE BED OF THE OUTLIER BEING FOLDED INTO A BASIN.

found extending along those sides of the escarpments
of gently tilted rocks which are away from the

direction of dip. For instance, to the north-west of

the escarpment of the lower oolites, which runs

across England from north-east to south-west, a large

number of outliers of these oolites are found resting

upon the strata which underlie them.

It may be noted here that an inlier is a mass of

older beds surrounded by newer strata. An inlier

rarely occurs in nature save when the rocks have

been folded into a dome or an anticline, or faulted

along a fracture lying athwart a valley. Inliers are
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likely to be found towards valley bottoms, or where

old rocks are unconformably succeeded by newer

ones occupying low ground.
FAULTS. It has been seen that, as the result of

earth-movements, beds may be folded. If the beds

are too rigid to bend, they may snap across, and one

set of beds may be carried up or down so as to

abut against another set. The beds are then said

to be faulted. Fig. 64 is a vertical section showing

FIG. 64.

SECTION OF FAULT.

beds affected by a fault. The fissure may be vertical,

or may be inclined. An inclined fault-fissure is said

to hade (and is not spoken of as dipping) ;
the angle

of hade is measured from a vertical and not from a

horizontal plane.
1

1 The terms "high hade" and "low hade" areused somewhat vaguely.
Some writers seem to consider that a fissure approaching the horizontal

possesses a high hade, while others use the term for one approaching
the vertical ! The student will do well, therefore, to speak of fault-

planes as approaching the vertical or the horizontal respectively, and to

discard the terms "
high hade " and " low hade."
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In Figure 64 any particular bed, as c, is abutting

against the fault-plane at a lower level on the right-

hand side of the diagram than on the left-hand side.

The beds on the right-hand side are accordingly

spoken of as being on the downthrow side; those on

the left are on the upthrow side of the fault. These

expressions do not necessarily imply that the right-

hand side has been moved down and the left-hand

side moved up. One side may have been stationary,

or the two sides may have been actually moved in

SECTIONS SHOWING THROW OF FAULTS.

the same direction, but one of them to a greater

extent than the other.

The throw of a fault is the amount of movement
which has taken place as measured along a vertical

line. In Fig. 65 three vertical sections are drawn.

The first of these, A, shows a bed x, which is there

horizontal, affected by a vertical fault. In B the

fault-fissure is inclined, and in C both the fissure

and the bed are inclined. On the scale of the

section, the amount of throw in each case is repre-

sented by | inch. In the cases B and C the throw

is measured along a vertical line, drawn from the
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point where one surface (say, the lower) of a

particular stratum cuts the fault-plane on the

upthrow side to the point where a horizontal line

drawn from the point where that surface of the same
bed on the downthrow side of the fault cuts this

vertical line. The amount of throw in each case of

the diagram is therefore represented by the distance

ab.

In Fig. 66 representation of two faults with

inclined fissures is given. In A, a tract of barren

ground, having the width xyy
exists where a vertical

FIG. 66.

A. NORMAL
\ FAITTT

B. REVERSED )
FAULT>

xy= Widih of barren ground in A, and width of ground where

stratum may be twice pierced by a vertical shaft in B.

shaft sunk from the surface would nowhere pierce

the stratum represented in the section. In B a tract of

nearly similar width is not barren, but a vertical shaft

would sink through the same stratum twice. The
former fault is termed normal, the latter reversed.

A reversed fault, then, is one in which at some point

a vertical shaft can be sunk through the same stratum

twice, and that can never be done with a normal

fault.
1 It will be well to confine our account of

1
i.e. as the result of faulting. If the beds were violently folded in

addition, it might be possible to sink such a shaft.
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normal and reversed faults to this brief description,

and not to attempt definitions of these faults, as such

definitions are frequently misleading.

Reversed faults are sometimes spoken of as thrust-

planes, though some writers seem to limit the term

to those reversed faults which possess a fissure

approaching to the horizontal.

Folding sometimes occurs to some extent before

faulting takes place, and accordingly we have

each kind of fold represented by a fault. An

A B CD
r

FIG. 67.

A. NORMAL
B. REVERSED l FAULT'

D
'

?25i!L* \ MONOCLINAL

ordinary anticlinal and synclinal fold may be

replaced by a normal fault, an overfold by a

reversed fault, and a monoclinal fold by a mono-

clinal fault. The relics of the folds are retained after

faulting has occurred, as hooked portions of the

strata, which have the characters shown in the

different sections represented in Fig. 67. In

a large number of cases, however, no appreciable

folding of the strata has taken place prior to faulting,

and there is in those cases no change of dip near the

line of fracture.

No important fault can exist in an area unac-
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companied by other faults. It necessitates the

existence of two curved fractures or three straight

fractures to cause a marked displacement of the

beds. Accordingly when one fault has been discovered

in an area, others may be confidently sought.

It has been noticed in Chapter VI. that the principal

joints which affect stratified rocks tend to run in two

c c

*>' b'

FIG. 68.

PLAN OF FAULT-FISSURES.

The arrow shows the direction of dip of the beds.

directions, which are parallel to those of dip and

strike respectively. Accordingly the principal faults,

the fissures of which are merely joints along which

displacement has taken place, are apt to follow the

same directions, and are spoken of as dip -faults

and strike-faults. These faults are represented in

plan in Fig. 68, where a a, a a", and a a" are strike-

faults, while bb' and bb" are dip-faults. These and

other faults, before dying out laterally, often split into
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two or more minor faults, as shown at a. From the

sides of the major faults subsidiary fractures often

extend with courses oblique to that of the main

fissure, as represented at cc, on the north side of the

fissure a a", or offsets may extend at right angles to

the main fault, as shown on each side of the fault a a"
,

at d, d. These lateral faults have a throw which

diminishes as they recede from the main fracture.

In addition to these, a country is often affected by a

FIG. 69.

SECTION SHOWING STEP-FAULTS.

aa h. single bed thrown down successively to the east.

number of irregular faults, corresponding with the

irregular joints which traverse strata. The trend of

some of these is shown on the plan in Fig. 68,

at
,

e.

In any area the main parallel fissures often hade

in the same direction, and at the same angle, the

downthrow being to the same side in all the fissures.

A system of faults of this nature is spoken of as a

system of step-faults. A section through such step-

faults, which in the figure are normal, is seen in Fig.

69. A system of reversed step-faults may also occur.
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The fault-system figured in section in Fig. 70 is

spoken of as a trough-fault system. In this case the

bed a is thrown down to the east by one fault b b, and

to the west by another cc. A trough-fault system

might be produced by two contemporaneous faults,

FIG. 70.

SECTION ACROSS BED AFFECTED BY TROUGH-FAULTING.

aa=A single bed displaced by fault b b.

The bed and the fault-fissure bb have been subsequently

displaced by a later fault cc.

though in that case the portion let down would neces-

sarily be compressed, and a considerable quantity of

fault-breccia would be likely to occur in the fissures.

In the case represented the system is due to faulting

at two different periods, and it will be observed that

the later fault cc has not only displaced the bed, but

also the fissure of the earlier fault b b.
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In many cases, the hades of faults vary both

in direction and inclination in a comparatively
small area. This is illustrated in Fig. 71, which

represents a portion of a section figured in

De la Beche's Sections and Views Illustrative of

Geological Phenomena.

We must now consider the effects which faults

produce upon the outcrop of beds as shown in plan.

It will be convenient for us to assume that the plan
is one exhibiting a plane surface, and not one of an

area of uneven ground, and to avoid confusion we

will suppose at the outset that the beds are affected

by a fault having a vertical fissure, which trends in

the direction of the dip of the beds.

The effect of this fault upon the outcrop of the

beds may be best illustrated by taking the case of an
.

anticlinal fold, with a fault extending in a direction

at right angles to that of the anticlinal axis, which

we will suppose to be horizontal.

Suppose a particular bed a a (Fig. 72) to crop out

on either side of the anticlinal axis owing to its upper
surface having been removed by denudation, and let

the outcrops run in an east and west direction. Sup-

pose that the bed is then displaced by a fault whose

fissure runs north and south, and that the upthrow side

is on the east. Then imagine that the upthrow side is

denuded, so that the surface is once more reduced to

a plane surface. A considerable amount of the bed

aa will now have been denuded, and the two outcrops

of the bed on the upthrow side will be further apart

than they were before faulting occurred. The out-

crops of the bed will now appear as in Fig 72.
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Any inclined set of strata may be regarded as

forming one limb of such an anticline, and will be

affected in the same way as the beds of one side of

the anticline exhibited in Fig. 72. In other words,

as the result of vertical movement along a line of

fault which is in the direction of the dip, the outcrop

of the strata will be displaced laterally, as seen on a

plane surface.

a

FIG. 72.

PLAN OF FAULTED AND DENUDED ANTICLINE, SHOWING
OUTCROPS OF A SINGLE BED, a a.

The downthrow is on the left side of the figure.

Such lateral shift will also occur if the fissure be

inclined and not vertical, and with the same amount

of vertical throw the lateral displacement will be

similar with an inclined fault and with a vertical

fault.

Again, a similar effect will be produced by any
fault which runs obliquely to the direction of strike.

It should be noted that actual lateral movement
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may occur along a fault-fissure which would compli-
cate the nature of the outcrop. The occurrence of

such lateral movement is difficult to detect except
in certain cases, and need not be discussed here.

The effect of strike-faults upon the beds must

4F7

A

7 ,? .'3

B
FIG. 73.

SECTIONS OF STRIKE-FAULTS.

FF= Fissures of faults.

now be considered. In Fig. 73 (A) a series of beds

i ... 9 are represented as seen in a vertical section.

They are affected by a normal strike-fault, and it will

be seen that the beds 5 and 6 do not appear at the

surface, but abut against the fault-fissure, so that any-
one walking across the beds on the surface might
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suppose that the bed 7 immediately succeeded 4.

Owing to the concealment of beds by strike-faults,

these faults are often difficult to detect, though by
following the fault until it dies out the concealed

beds will appear at the surface. This is shown in

plan in Fig. 74, where the fault is represented as

dying out towards the east. It will at once be seen

that the appearance is somewhat similar to that

produced by unconformity, and much care must be

exercised in distinguishing between a fault of this

7

Z

2

*6T
fj

-*- -
__ _j . ^ __T _____ _j= ^s^^X. T~

FIG. 74.

PLAN OF STRIKE-FAULT REPRESENTED IN SECTION IN FIG. 73 (A).

FF= Fissure of fault.

nature and an unconformity. The nature of the

outcrop of a plane of unconformity has already been

considered, and it has been shown that as that plane
is not likely to be highly inclined from the horizontal,

the outcrop will probably be sinuous on uneven

ground, and the sinuosities will be sub-parallel to

those of the outcrops of the beds of the newer set of

strata
;
the fault-fissure, if approaching the vertical,

will crop out in a line approaching a straight line,

unless the fault itself be curved
;

in any case, it is

not likely to be marked by many sinuosities. When
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the fault-fissure approaches the horizontal its out-

crop will be, however, similar to that of the plane of

unconformity, and the utmost care is requisite to

distinguish a fault of this nature from a junction of

unconformable beds, if the fault be strictly a strike-

fault. If it be not so, the beds on either side will

abut against the fault-plane, and difficulty is not

then likely to arise.

/.coo ol\==
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I
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FIG. 75.

PLAN OF STRIKE-FAULT REPRESENTED IN SECTION IN FIG. 73 (B).

FF=- Fissure of fault.

Should the strike-fault be a reversed fault, the

strata, instead of being concealed at the surface, will

be repeated, as shown in section in Fig. 73 (B). It is

clear that the strata 3 and 4 will crop out twice upon
the surface, as shown in the plan, Fig. 75. In this

case no difficulty will be experienced in the detection

of the fault if the reduplication of the strata be

ascertained.



CHAPTER XV

GEOLOGICAL MAPS AND SECTIONS continued

MODES OF OCCURRENCE OF IGNEOUS ROCKS

IF
the reader will turn to Fig. i, he will observe

that the igneous rocks are either poured out on

the surface to form volcanoes and volcanic plateaux,

or are forced among the rocks of the earth's crust

beneath the surface. If a molten rock be consoli-

dated at the surface it is termed a contemporaneous

igneous rock, being of the same general age as the

rocks with which it is associated, i.e. newer than

the rock upon which it rests and older than those

which repose upon it. Should it be forced among
the rocks beneath the crust, the age of its consolida-

tion is posterior to the ages of the rocks into which

it has been forced. An igneous rock which has thus

been forced among other strata is termed an intru-

sive igneous rock. Lastly, there are rocks which may
have consolidated in the place in which they became

molten. These rocks would probably occupy ex-

tensive regions of the earth's interior, and would in

most cases be of considerable thickness. Their

character is yet little understood, and we need not

devote further attention to them.

The contemporaneous rocks flow from the point

182
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or line of emission over the surface of the earth,

and the lower surface is therefore parallel to the

pre-existing earth-surface. If the rock does not flow

any great distance, the upper surface may be convex,

and of no great lateral extent. In ordinary cases,

however, these lavas flow for a distance which is

usually a considerable multiple of the vertical thick-

ness
;
the former may be measured by scores of feet

and the latter by miles. Accordingly, most lava-

flows possess upper and lower surfaces which are

approximately parallel to one another. They are

usually also approximately parallel to the layers

of volcanic ash with which they are associated.

In this respect they differ from all intrusive rocks

save the intrusive sheets or sills to be described

below (p. 185).

Intrusive rocks force their way along planes of

weakness existing in the rocks through which they
break. When the planes are vertical or nearly so,

as joint-planes, the intrusive rock forms a wall-like

mass with sub-parallel sides. Such a mass is known
as a dyke. These dykes crop out on the surface

as strips of rock of varying width, depending mainly

upon that of the dyke itself. The strips usually run

across the outcrop of planes of bedding ; though not

necessarily so, as they may be forced along strike-

faults, when they cannot be distinguished from sills

on a flat surface, though on an uneven surface they

may be distinguished from sills by their mode of

outcrop, for being vertical or nearly so they will not

cross the valleys and ridges with V-shaped outcrops

having acute angles. The dykes as they appear
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at the surface vary greatly in horizontal extent.

Many are only traceable for a few yards, while others

run for scores of miles. Their course is often nearly

straight, and accordingly when once detected they

may often be readily followed a matter of some

practical importance, as the material which composes
them is frequently valuable for road-metal, wall-

building, and other purposes.

The rock composing the dyke probably resists

weathering in a degree different from that of the

rock through which it has been forced. If more

easily weathered, its course is often marked by a

depression upon the surface
;

if less easily, by a

wall-like upstanding mass.

Dykes frequently radiate from the pipe of a

volcano and traverse the lavas and ashes which have

built up the volcanic cone. The actual pipe of the

volcano is sometimes filled with once molten rock,

at other times with fragments of volcanic rock of

various degrees of coarseness, which have fallen into

it. This filled-up pipe is known as a volcanic neck

(see Fig. 39). The strata or volcanic ashes often dip

towards it just beyond its circumference, and away
from it at a greater distance. The filled-up neck will

probably have a roughly circular or elliptical cross-

section when viewed in plan on the earth's surface

after the upper part has suffered denudation.

When the igneous rock is forced through minor

irregular fissures, it forms string-like protrusions or

thin, irregular dyke-like masses. These are known as

igneous veins, and may often indicate the existence of

a large mass of igneous rock in the immediate vicinity.
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When igneous rocks are forced along horizontal

or nearly horizontal planes, as planes of stratification,

or faults with fissures approaching the horizontal,

they may extend to varying distances along such

planes. When the horizontal extent is very great
as compared with the vertical thickness, the upper
and lower surfaces of the mass are sub-parallel, and

the mass is spoken of as an intrusive sheet or sill.

If the vertical thickness be great as compared with

the lateral extent, the upper and lower surfaces will

not be parallel, and the mass is then spoken of as

a laccolite. In many laccolites the lower surface

often remains parallel to the direction of the surface

along which the rock was forced, while the upper
surface is frequently convex, and the rocks over it

are arched up, as shown in Fig. 76 (sections).

It is obvious that the sill will appear at the surface

in the same way as the beds with which it is asso-

ciated. If beds and sills have been tilted and

denuded, the strike of the sill will be parallel to

that of the associated beds, and thus sills may be

distinguished from dykes on uneven ground. The

outcrop of the laccolite is more complicated, and

two cases of outcrop of a simple laccolite are repre-

sented in Fig. 76, A and B. In A a section and

plan of a simple horizontal laccolite are shown.

The plan is supposed to be one showing the laccolite

when denuded to a level marked by the upper level

line, the parts above this line having been removed.

The margin of the laccolite will appear on a hori-

zontal surface as a circle, and the beds will crop out

in circles concentric to this.
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In B, a laccolite which has been inclined along with

the associated beds is supposed to have been denuded

to the level of the horizontal line. This laccolite

will appear in plan as a plano-convex mass, and the

strata will crop out parallel with the upper and

lower surfaces of this mass.

It is evident that the difference between a sill and

a laccolite is merely one of degree, and that as the

horizontal extension of a laccolite is increased, its

thickness remaining the same, it approximates more
and more closely to the ideal sill.

In nature it is often a matter of considerable diffi-

culty to distinguish a sill from a contemporaneous
lava-flow. As it will probably not be necessary for

the agricultural student to make this distinction, it

need only be remarked that whereas a sill may meta-

morphose and send veins into the beds above it, a

contemporaneous lava-flow cannot do so, as those

beds were non-existent at the period of its con-

solidation.

The masses which may have consolidated far

below the surface in the position in which they

became molten may be of great extent and have

very irregular boundaries. No vertical shaft sunk

from the surface is likely to pierce through them.

If a vertical shaft should pierce through intrusive

rocks of great horizontal extent, these rocks will

probably be of the nature of laccolites.

We have noted that dykes sometimes give rise

to depressions owing to their being more easily

weathered than the surrounding rocks. This weather-

ing will probably be due to chemical solution of
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Section A

PLarv A

FIG. 76.

PLAN AND SECTIONS OF HORIZONTAL AND
INCLINED LACCOLITES.

The broken lines in the plans represent rock which has been denuded.

The crosses indicate the igneous rock, and the other signs

represent sediments.

The arrows show directions of dip.

Note. By an error the igneous rock in plan B is drawn about

half its proper width, which should be the same as that shown at

the surface in section B.



i88 AGRICULTURAL GEOLOGY

some of the dyke-constituents. Agents of denuda-

tion as a whole affect igneous rocks less readily than

sediments, and accordingly it is generally found that

in a country which has suffered a considerable

amount of denudation the igneous rocks stand up as

eminences, while the surrounding rocks are worn

away. The volcanic rocks of Snowdonia and

Cumberland stand out from the surrounding sedi-

ments over miles of country. In Scotland, the Ochil,

Pentland, and Sidlaw Hills owe their prominence to

the large amount of igneous rock which they contain.

Minor masses of igneous rocks give rise to isolated

eminences, as many of the Scotch "
laws," e.g. North

Berwick Law. Laccolites are particularly prone to

form eminences of this character. Lastly, sills fre-

quently give rise to marked cliffs along their lines of

outcrop, e.g. the Great Whin Sill of the North of

England.
GEOLOGICAL SECTIONS. A geological section re-

presents the rocks as they would be viewed in a

vertical cutting. Geological sections, therefore, show

at a glance what might be discovered from careful

study of a geological map upon which a very large

number of observations were inserted.

For certain purposes it is desirable to ascertain the

mode of occurrence of rocks for a considerable

distance below the surface without entering into any
consideration as to the nature of the rocks when

traced laterally. This can be represented in the form

of a column showing the rocks as they might be seen

in a core formed by a gigantic boring apparatus.

A section of this character is represented in Fig. 77,
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and is usually spoken of

as a vertical section. The

nature of strata traversed

when boring mines is use-

fully represented by means

of vertical sections.

When a section is drawn

to represent the mode of

occurrence of the rocks over

a considerable extent of

country, as indicated in

Fig. 78, it is customary to

speak of it as a horizontal

section, though it is in

reality a vertical one like

the former
;
but as it repre-

sents the lie of the rocks

over a considerable horizon-

tal stretch of country, the

term horizontal is generally

applied. There is, of course,

no real difference between

the two kinds of section,

and every gradation may
be found from one kind to

the other.

In drawing horizontal

sections, it is usual to take

a definite datum -line for

the base of the section.

The horizontal sections

issued by the Geological

*

\

*

\ Sandstone

\ CorujloTnerate
) Vhconforinity

o o
o o o.

Sandstone

Shale

Limestone

> Shale

} Coal

FIG. 77.

VERTICAL SECTION.
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Survey of the United Kingdom are drawn in most

cases to sea-level, which is taken as the datum-line.

The upper part of the section is terminated by a

line which, in the case of sections drawn to true

scale, represents accurately the inequalities of the

ground along the line of section. In this way some
idea of the topography of the country is given, and

as the topography is often largely dependent upon
the geology, it is useful for many purposes to have

the two represented.

I
i i I

|
Limestone- F~^l Sandstcne

Luj-J SJuJtt [*>
| CoTu/lcmerate

FIG. 78.

HORIZONTAL SECTION.

In order to illustrate the mode of drawing geo-

logical sections, it will be convenient for us to take

an imaginary geological map, such as is represented

in Figs. 79 and 80, and to discuss the data which are

at our disposal in this map, to enable us to indicate

in section (i) the topography, (2) the geological

structure.

Before discussing this map, it will be well to say

something concerning the manner in which the

topography of an area is represented on a map.
A general idea of the topography of a country

is gained by examining the trend of the rivers. The

ground will gradually rise on either side of a stream,
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until the culminating ridge is reached between two

streams.

Further information is introduced by "hill-shading."

In a hill-shaded map it is usual to indicate the steeper

parts by darker shading, the gentler slopes by lighter

tones. In this way a good idea of the variations in

slope may be obtained, but the differences of eleva-

tion are not clearly brought out, as a low hill may
have steeper slopes than a high one.

Contour lines give still more information. Each
contour line is drawn, as already stated, through all

points of the map which mark points in the country

having the same elevation. In this manner, if the

contour lines are drawn at frequent intervals, a very
clear idea of the differences of elevation of different

parts of the country is obtainable, and in addition

to this, information is furnished as to variations in

slope ; thus, when the slopes are steep, the contour

lines will be near together ;
when the slopes are

gentle, the lines will be further apart. It is, however,

only on large-scale maps that contour lines can be

drawn sufficiently frequently to give indication of

minor inequalities, and accordingly a map giving a

combination of contour lines and hill-shading will

give the greatest amount of information concerning

the topography of a country.

For the purposes of geological maps, if an accurate

idea of the disposition of the strata over uneven

ground is required, contoured maps are very useful,

and will save much work on the part of the geological

observer in obtaining elevations.

We may now proceed to consider the construction
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of a geological map showing the distribution of the

solid rocks beneath the superficial accumulations.

A glance at the map (Fig. 79) will show the kind

of information which the geologist has at his disposal
when constructing geological maps. The portion
left bare indicates those parts where the rocks are

concealed beneath superficial accumulations.

It will be noticed at once that of the natural

sections some are dotted here and there over the

general surface of the country, where the rock pro-

jects through the superficial accumulations, while

others are found in almost continuous succession

along the banks of the streams. These sections are

supplemented by artificial exposures made in quar-

ries, ditches, wells, and other excavations. By tra-

versing the country in all directions the observer is

able to indicate on his map all the exposures he has

examined, representing the characters of the rocks

and the direction and amount of dip.

The geological map is completed by restoring the

lines of stratification over those parts of the map
where the rocks are concealed by surface accumu-

lations. This part of the work is not carried out in

a haphazard manner by merely joining the broken

lines indicated in Fig. 79. The trend of these lines

is often shown in a country by a change in the con-

formation of the ground, for the hard rocks tend

to stand out as ridges and the soft rocks to be worn

away. It is here that hill-shading is often of great

utility to the geologist. In the figure the bed

marked by small circles occurs on higher ground
than the beds to the west of it, on which it is lying
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unconformably, and accordingly the slopes of the

ground will probably enable the observer to draw

in the lines of demarcation between this bed and the

underlying beds even where the junction is concealed.

The utilisation of surface features for the detection

of changes in the underlying rock is of paramount

importance ; change in the characters of surface

accumulations as well as in those of solid rocks

may frequently be detected in this manner. Some
observers are much more qualified than others to

detect the effect of rocks on the surface features
;

but in any case constant study in the field increases

the power of everyone to utilise these features, and

the student is advised to lose no opportunity of

making himself acquainted with the geology and

topography of his own area. To do this he should be

provided with the published maps of the Geological

Survey which represent his district, studying the map
which shows the superficial accumulations in addition

to that representing the solid geology, and he should

traverse the ground, maps in hand, being specially

careful to examine, as far as possible, those parts of

the area where lines of demarcation between one set

of rocks or accumulations and another are laid down.

The map which is represented in its unfinished

state in Fig. 79 is shown in the completed state in

Fig. 80, and a brief account of the geology of the

district represented on it may now be given.
1

Two sets of unconformable strata are represented

upon the map, the newer being to the east, for the

edges of the older strata abut against the line of

1 The N. of the map is on left of page.
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unconformity, while the outcrops of the strata

belonging to the newer set do not abut against that

line, but have a trend sub-parallel to it.

The older strata were folded into an anticline and

syncline, the axes of which run a little E. of N.

and W. of S. These axes are not horizontal, but

are dipping nearly northward. The tops of the folds

were denuded before the deposition of the newer set

of strata. The student will notice the V-shaped out-

crops where the beds cross the streams.

The older beds are affected by a normal fault

running a little N. of W. and S. of E. at the S.W.

corner of the map. It is normal, for the downthrow

is on the S. side, as proved by newer beds on the

south abutting against older ones on the north of

the fissure, as seen at the W. end of the fault, while

the direction of slope of the fissure is indicated by
the small V which points down the valley.

At the N.W. corner of the map a mass of igneous
rock is represented as being intrusive in the older

set of sediments, and as sending dyke-like prolonga-
tions into them. These sediments would probably
be found to be metamorphosed for some distance

from the junction, and if it did not introduce too

great complication, this belt of metamorphic rock

might be represented, say, by a belt of darker

shading.

There is no evidence as to the relative ages of the

intrusion of the granite, the formation of the fault,

and the deposition of the newer set of strata. All

these events occurred after the deposition of the

older set of strata, and that is all we can say from
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study of the map. If the fault further to the S.E.

of its course, as represented, were found to pass

under the bed represented by circles without dis-

placing it, that would prove that the faulting took

place before the newer set of strata was formed
;

if, on the contrary, it displaced them, it would

indicate that the faulting was later than their de-

position. Again, if a dyke from the granite were

found cutting these newer strata, the intrusion of

the granite would be posterior to the deposition

of the strata. If the dyke ended off against the

unconformable junction, it would almost though not

quite certainly show that the intrusion was later than

the deposition of the newer sediments.

Should the granite and its dykes not be seen near

the junction, the discovery of pebbles in the lowest

bed of the newer set of strata would prove that the

granite was anterior to its deposition, and, indeed,

it may be here remarked that examination of pebbles
in conglomerates often furnishes important informa-

tion to the geologist.

Lastly, it will be noticed that if the projecting

part of the newer strata were detached from the main

outcrop by further denudation at the heads of the

tributary streams on either side of the neck which

now joins the projecting portion to the main mass,

an outlier would be formed.

SECTIONS. In order to draw sections the student

should first draw his base-line representing sea-level,

or some other convenient level, and then draw his

upper line, showing the variations in the height of

the ground along the line of section. He should
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then insert the upper parts of the beds as observed

along the line of section, or, when there is no

exposure along that line, as near thereto as may be,

as shown in Fig. 81. He will then be able to fill

in the section as represented in Fig. 82, though it

is clear that as this is largely inferential it may vary
in some particulars from the actual trend of the

rocks underground.
It is very desirable that the student should get

some idea of sections drawn to true scale, the vertical

being the same as the horizontal scale. If possible,

he should study some of the geological sections

drawn to true scale which are issued by the Govern-

ment Geological Survey, examining the geological

maps drawn upon the same scale in connection with

his study of the sections
;
and if he can traverse the

actual country of which the geology is represented
in map and section, so much the better.

In many cases it is necessary to draw exaggerated

sections, the scale of vertical heights being greater

than that of horizontal distances. When this is

done it is advisable to make the vertical scale some

simple multiple of the horizontal scale. It must be

remembered that should the vertical heights be

exaggerated the dip of the strata must also be

exaggerated in proper proportion. This is done in

the sections (Figs. 82 and 83), which represent the

geology of the map (Fig. 80) as exhibited along the

lines A B and C D respectively.

The student should also remember that when a

section is drawn obliquely to the dip of the strata

the inclination of the beds as seen along that line
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of section will be at a lower angle than that of the

true dip, and that if a section be drawn parallel to

the strike, the strata will appear horizontal along the

line of section, however great may be their actual

inclination.

MAPS SHOWING SUPERFICIAL ACCUMULATIONS.
The published drift-maps of the Government

Geological Survey show the distribution of the

accumulations lying between the surface soil and

the solid rocks, but it is impossible, with materials

C D

FIG. 83.

COMPLETED SECTION ALONG THE LINE C D IN FIG. 80.

so varied as those composing these accumulations,

to represent the many variations in their lithological

characters and composition, and usually a division

into sands and clays is all that can be accomplished.

Every student should attempt to make a drift-map
of his immediate neighbourhood, should drift be

present. He will insensibly learn to utilise all sorts

of observations besides those obtained by mere in-

spection of the materials of the drift. For instance,

he will notice that when sand rests on clay water is

likely to break out along the line of junction, and he

can often trace this junction by means of springs

when it is concealed beneath the surface soil. A
change in the character of the vegetation may also
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give important evidence as to the nature of the

underlying accumulations. It need hardly be stated

that such tests are also applicable when mapping
the solid rocks. The thickness of the drifts being

very variable, no study of maps is likely to give any
information upon this head. The student must gather
all the available information concerning his own

district, remembering that, as.these drifts often bury

pre-existing inequalities beneath a fairly regular

surface, great and sudden variations in the thickness

of these accumulations may be expected. This is

a point of great importance when seeking for water.

Beneath the alluvial flats of several of our river

valleys old buried valleys filled with drift may occur,

and should this drift be impervious to water, an

expected supply may not be obtainable. The
ancient drift-filled valleys also depart in many cases

from the present river-courses, and these buried

valleys may be met with where no stream now

occupies the surface.

As the superficial accumulations have rarely

undergone any extensive earth - movement since

their formation, it is unlikely that they will be

found cropping out in parallel strips like the

strata beneath. The character of their outcrop

depends upon their origin. Boulder -
clays and

many glacial sands and gravels extend in sheets,

often occupying considerable areas, though certain

accumulations of glacial gravels known as kames

and eskers may form linear ridges of greater or

less extent, while moraine deposits frequently form

mounds.
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Raised beaches occur as terraces running more
or less parallel to the coast, and at various heights
above it, some of those of Scotland being one

hundred feet above present sea-level.

Plateau gravels are often found in sheets and

patches on the high ground between adjacent rivers,

while ancient river gravels form terraces along the

sides of valleys, with courses sub-parallel to those of

the streams occupying the valley bottom.

The position of alluvia has already been described.

They may be fluviatile, lacustrine, or estuarine, and

their presence is usually readily detected owing to

the flatness of the ground occupied by them.

In addition to drift - maps, attempts have been

made to form soil-maps for various parts of the

country, but more is required in this direction. The

general variations in the soils of different parts of

our islands will be considered when the rocks are

described in order of their age.

NUMERICAL ESTIMATES. The thickness of strata,

the depth at which certain strata are likely to be

found, the probable direction of outcrop of con-

cealed strata upon the surface, and other numerical

estimates are often of very great importance. A
brief account will be here given of some of the

most important considerations with respect to these.

In making estimates, if the angle of dip be

taken, calculations frequently require the applica-

tion of trigonometry, which can be obviated by

stating the inclination of beds in gradients instead

of in angles of dip. An inclined bed falls so

many feet or yards vertically for a certain number
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of yards traced horizontally ; thus, if a (Fig. 84)

represents the point of outcrop of a bed ac at the

surface, and ac represents the section of the bed

parallel to its direction of dip, if a horizontal line

ab be drawn, and a vertical line be be drawn any-

where from it to cut the bed, then ab = bc
y

for

as the angle of dip is 45 and the angle abc is a

right angle, the angle bca must also be 45, and the

4-5
l

FIG. 84.

triangle is an isosceles triangle with base a c and two

equal sides ab, be. Instead, therefore, of saying

that ac dips at 45 we may say that it has a

gradient of I in i, or that it falls i in I, meaning
that it falls one foot, or yard, or mile from the

horizontal surface for every foot, yard, or mile

measured along that horizontal surface. If the

angle of dip be less, the gradient will also be

less
;
thus with a dip of about 19 it is i in 3. If

the dip be over 45, the vertical distance will, of
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course, be greater than the horizontal
;
thus a dip

of about 71 represents a gradient of 3 in i. The
exact amount can, of course, be found by protrac-

tion, the bed being indicated as shown in Fig. 84,

with the angle of dip exactly measured
;
and if the

right-angled triangle be then accurately constructed,

the gradient is found by measuring the two sides

of the triangle.

The following table, modified from one drawn

up by the late Professor Jukes and published in

the Geological Survey Memoir on the geology of

the South Staffordshire coalfield, gives the gradients

expressed as inches vertical to yards horizontal

for a number of degrees up to 45. Above 45 the

gradient will be the reverse of that of the comple-

mentary angle ;
thus the gradient corresponding to

14 is I in 4 (approximately), that of 90- 14 = 76
is 4 in I (approximately).

GRADIENT.
Inches in a Yard.
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It need scarcely be remarked that should the

level of the ground change between the point at

which the bed comes to the surface and that at

which its depth beneath the surface is required,

the difference of level must be added to or sub-

tracted from the depth given in the table.

If the width of outcrop of a stratum or strata be

known, and also the angle of dip or the equivalent

gradient, the thickness of that stratum or of the

group of strata can be calculated or obtained by

protraction. In Fig. 85 let ac and bd be the lower

FIG. 85.

and upper surfaces of a bed which dips at 30. From
b draw b c perpendicular to a c, then b c represents the

thickness of the bed
;

for as a b : actual width of

outcrop ; ; b c : actual thickness of bed. Again, we
can calculate the thickness of a bed or group of beds

by knowing the amount of dip and the depth at

which the bed or beds occur beneath a point whose

distance from the outcrop of the beds has been

measured (of course, making allowances for inequali-

ties of the ground) ;
and vice versa, if we know the

thickness and the amount of dip, we can calculate

the depth at which the bed will be found beneath
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any point without measuring the horizontal distance

from the outcrop. Thus, let b d in Fig. 86 represent
the depth of the bed acd below the point b. Then,
as b d : be '.'. actual depth : actual thickness. The

following table, from the Memoir by Professor Jukes
to which reference has been made, is a depth and

thickness table giving the depth below the surface,

and also the thickness (i.e. the thickness the strata

would possess if they were horizontal) of strata at

various inclinations. The ground is supposed to be

horizontal, and the horizontal distance = 100
; thus,

with a dip of 45 the depth of the strata would be

100 yards below the surface at a point measured in

the direction of dip and 100 yards horizontally from

the point of outcrop, while the thickness of those

strata measured at right angles to the direction of

the dip, at the same distance from the outcrop, would

be 707 yards, or 212-1 feet.

HORIZONTAL DISTANCE =100.

Angle ofdip.
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By means of the table of depth we can calculate

the amount of downthrow of a fault if we know the

dip of the beds and the horizontal distance between

b

FIG 86

the outcrops of a particular bed where they abut

against the fault-fissure on the upthrow and down-
throw sides of the fault

; or, conversely, knowing
X

FIG. 87.

x x = Fissure of fault.
1

the amount of downthrow and the dip of the beds,

we can find the horizontal distance of the apparent
lateral shift at the surface.

Thus, in Fig. 87, let a bed A BCD crop out
1 The arrows should point south.
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upon a horizontal surface along A B on the up-
throw side of the fault with a fissure running in the

direction x x and along CD on the downthrow side.

From C draw C' in the direction of the dip, and

from B draw B C in the direction of the dip, cutting

the line CC at C, and let the distance CC repre-
sent 150 yards on the scale of the plan. Then, if

there were no fault, the portion of bed A B would

also crop out at C' along its line of strike.

On referring to the table of depth, it will be found

that with a dip of 30 a bed would be 58 yards below

the horizontal surface at a distance of 100 yards from

its outcrop. Consequently, at a distance of 150

yards from this point it would be 5 8 -I- -\
8 =

29, or 87

yards below the surface. That would be the depth
to which a vertical shaft must be sunk at C in order

to reach the bed beneath that point. In other words,

the fault has a downthrow of 87 yards. The student

will find it useful to work out various examples of

displacement when the angle of dip is known and

the amount of downthrow is required, and also, given
the amount of downthrow, to find the angle of dip.

In the latter case complication can be introduced by

supposing one of the points at which the bed abuts

against the fissure to be at a level different from that

of the point at which the depth of the bed beneath

the surface is known.

It is often important, from observations of the

amounts and directions of apparent dips, to find the

true dips. This can be done by protraction if the

dips be expressed in gradients, or if given in degrees
the corresponding gradient can be found by reference

to the table on p. 204.
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Suppose that we discover in a cutting which runs

in a W.N.W. and E.S.E. direction that the apparent

dip of a bed along that line is I in 12 towards E.S.E.
,

and that in another cutting trending S.W. and N.E.

the apparent dip of the same bed is I in 8 towards

the S.W.
;
then from a point A (Fig. 88) draw two

lines A B' and A C, the former in an E.S.E. direction

and the latter in a S.W. direction. Along the line

A B' mark off twelve inches, or half-inches, or any

FIG. 88.

convenient length, and eight inches, or eight times

the unit of measurement adopted, along the line A C.

Let the line A B represent the length of twelve of

these units along A B', and A C eight of them along
A C. Join the points B C by a straight line. From
A draw A D at right angles to B C; then the direc-

tion A D will represent the direction of the true dip,

and the amount of true dip will be obtained by

finding the number of units of measurement along

the line A D. The amount of apparent dip in any
other direction can be obtained by drawing a line
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from A along the required direction, so as to cut B C
or B C produced. The measurement of the distance

from A to the point where B C or B C produced is

cut gives the amount of apparent dip in that direction.

It is sometimes desirable to calculate the deviation

of the outcrop of a bed from its direction of strike

when it crops out upon uneven ground. This can

readily be done on a well-contoured map, if the

inclination of the bed be expressed as a gradient.

As such a requirement will not often arise in the case

of those occupied with agricultural pursuits, it will

suffice here to state that the student will find the

method fully explained in Professor A. H. Green's

Physical Geology (chap. xi.).



SECTION IV

STUDY OF THE STRATA OF THE
BRITISH ISLES IN THE ORDER IN

WHICH THEY WERE FORMED





CHAPTER XVI

PRELIMINARY REMARKS. UPON THE STRATA

THE
relative ages of the strata of any area are

discovered by finding out the order of super-

position of those strata, and by examining the in-

cluded relics of former organisms. Other tests are

also occasionally applicable, as, for example, the

detection of fragments of earlier strata included as

pebbles in later deposits, and, in the case of super-

ficial accumulations, the relationship between these

and the surface topography may be important, as in

detecting the relative ages of river-gravels in an

area.

For most purposes, however, the tests of super-

position and that of included organisms are most

important, and we may proceed to state the two

great stratigraphical laws which govern the applica-

tion of these tests.

I. Of two strata, that which was originally the

lower one is the older.

II. The age of strata may be ascertained by study
of their included organisms.
The former of these laws requires little comment.

As strata have been laid down in sheets on more or

less horizontal surfaces, it is clear that the overlying

213
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sheets are more modern than those upon which they

repose.

In most areas this order is retained even after the

beds have undergone a considerable amount of

disturbance
;

in fact, the test of superposition is

applicable until the strata become reversed, when
older strata overlie newer beds. As reversal of strata

is comparatively rare, the test of superposition is

applicable over very wide areas, and the establish-

ment of the order of succession of strata in any

region is usually accomplished as the result of

application of this test.

The truth of the second law has been ascertained

as the result of accumulated observations.

The general applicability of the former law having
been ascertained, it was noticed that strata occupying
different positions in the vertical succession of strata

in any area contained different remains of included

organisms, or fossils as they are termed, whereas

strata in the same general position in that vertical

succession, and therefore of the same age, were apt
to contain similar fossils, and accordingly Dr. William

Smith, to whom the original classification of our

British strata is due, was enabled to establish the law

that strata were within certain limits identifiable by
their included organisms, and subsequent researches

have tended not only to confirm Smith's discovery,

but to prove that the test of included organisms can

be applied to even smaller groups of strata than

Smith imagined.
It is desirable that the student should possess some

acquaintance with the characteristic fossils of the
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more important geological divisions. No attempt
will be made in this work to give illustrations of

a large suite of fossils characteristic of the various

formations, for knowledge of fossils derived from

inspection of rough figures, without knowing any-

thing of the distinctive characters of the fossils, is

unscientific and often misleading. The appreciation
of these characters is only possible when the student

possesses some knowledge of the structure of the

hard parts of the various groups of organisms
derived from inspection of actual specimens.

Accordingly when the strata are treated in the

order of their succession, brief descriptions and

figures of some of the more important of the different

groups of fossils will alone be given. These should

in all cases be studied with the aid of actual

specimens, and it will be assumed that the student

has access to a museum. At the end of the descrip-

tion of each principal division of the strata an

enumeration of some fossils characteristic of that

division will be made, and the student should ex-

amine actual specimens of these also, and consult

his teacher, or some descriptions of the fossils, to

ascertain what are the characteristic features of each

organism. If this cannot be done, it is better to

omit the study of the fossils, which in most cases

have very little direct bearing upon matters which

are connected with agriculture.

When the order of succession of the beds of any

region has been determined, it is requisite that these

beds should be classified. Classifications are naturally

based upon some community of character of a group
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of beds of the same geological age, or on the existence

of sharp lines of demarcation between such a group
and those of preceding and succeeding ages. The par-

ticular characters which are taken into account in

founding a classification may vary ;
thus a classifica-

tion might be founded upon similarity of lithological

characters among the beds of a group of strata, or on

the similarity of the fossil contents of those beds,

or, again, on a marked physical discordance which

separates one group of strata from another. It often

happens that change of lithological characters is

accompanied by change of organic contents, and

that those changes frequently occur at the horizon

where a marked physical discordance also exists.

The classification of the British strata, which has

undergone frequent modifications since it was first

drawn up by William Smith, is largely based on

lithological characters, but other circumstances have

been taken into account.

Such a classification must necessarily be of local

application, as the lithological characters of a group
of strata of a particular period cannot remain un-

changed over vast areas, but when once the time-

divisions of one region are drawn up, the terms

applied to these divisions may be used in areas where

changes have occurred at times distant from those

when they took place in the type-region, just as an

English historian may speak of events in a foreign

country as having happened in the Victorian era,

though the inhabitant of that country would also

have a chronological division of his own.

In geology, however, the classification originally
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based upon study of the British strata has, with

modification, become of universal application, as may
be seen by glancing at foreign works, where such

terms as Devonian and Silurian are applied to rocks

of distant regions, though the type-rocks to which

the names were applied are found in Devonshire and

in the Welsh borderland the region of the old

Silures.

In the case of a classification which has undergone
and is still undergoing modification, there must be

many differences in detail in the subdivision of the

groups of strata, but the main divisions are fixed to

the satisfaction of all geologists.

Strata are divided into groups ; each group is

further divided into systems, each system into series,

and each series into stages. We speak of the Lower
Gault stage of the Gault series of the Cretaceous

system of the Secondary group. The groups as

originally defined were Primary, Secondary, and

Tertiary, also termed Palceozoic, Mesozoic, and

Ccenozoic. Modifications of this classification have

become necessary, for below the Palaeozoic rocks as

originally defined is a great group still little under-

stood, which we shall refer to simply as that of the

Precambrian rocks, thereby indicating that their

age is anterior to that of the strata of the lowest

(Cambrian) system of Palaeozoic times. Again, some

writers have advocated the adoption of a division

Quaternary, above the Tertiary. These Quaternary
rocks are, however, usually included in the Tertiary,

though from their great importance to the agricul-

turist the name may be utilised.
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The lines of demarcation between the groups were

drawn on the supposition that a great hiatus occurred

between the organisms of one group and those of the

group which succeeded it. Such a hiatus does not

really exist
;
the supposition of its existence was due

to imperfect knowledge, and the subdivision of the

strata into groups is purely conventional, though in

Britain the absence of strata of particular ages be-

tween the rocks of Primary and Secondary and

Secondary and Tertiary groups respectively does

give those divisions more than conventional signifi-

cance as far as our own country is concerned.

The beds which are included in a system are

usually thrown together, on account of the posses-
sion of assemblages of fossils which differ in a

marked degree from those of the preceding and

succeeding systems, though in some cases the

division has been made mainly by reference to

lithological characters, as in the case of the Triassic

rocks. It is usually found, however, that the rocks

of one system exhibit great variety of lithological

character; thus the rocks of the Carboniferous and

Cretaceous systems consist of limestones, sandstones,

and muds, associated in the case of the former with

coals.

The rocks which are placed together to form a

series are more frequently of one particular type,

though even here we often find variations of

character. A stage is still more probably composed
of rocks of uniform lithological character, and is

often characterised by one special type-fossil.

The following table of classification of the British
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strata shows the names of the groups and systems

which will be adopted in the descriptions of the

strata, while the minor subdivisions into series and

stages will be considered under the head of each

system, as these are described seriatim.

GROUPS. SYSTEMS.

Quaternary
Tertiary Pliocene.

or Csnozoic
(Miocene).'

Eocene.

c [ Cretaceous.
Secondary

TX/T .
"i Jurassic.

or Mesozoic
v Triaecir

Primary
or Palaeozoic

Triassic

Permian.

Carboniferous.

Devonian.

Silurian.

Ordovician.

Cambrian.
Precambrian.

It must not be supposed that each group is of

equal importance to any of the others. The Primary

group, for instance, is probably much more important,

as regards lapse of time during the accumulation of

the rocks which are included in it, than the Secondary
and Tertiary groups combined, while the Secondary

group in the same way is more important than the

Tertiary.

The same remark may be made about the systems.

1 Absent from Britain.
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Indeed, the later divisions placed as systems assume

so prominent a position on account of the recent date

of their component rocks. The Pleistocene accumu-

lations, for instance, might be grouped as a series, or

even as a stage, if found among the Carboniferous

rocks.

Again, it must not be assumed that the time during
which the strata of two divisions were accumulated

was of equal duration because the component strata

of the divisions are of approximately equal thickness,

for the strata of one division may have been accumu-

lated very slowly in deep water and those of another

rapidly in shallow water. Indeed, we find very great

variations in the thickness of the strata when traced

laterally ;
thus deposits which are many thousands of

feet in thickness in Wales may be represented by
sediments in the South of Scotland whose thickness

is measured by hundreds of feet only.

The distribution of the various, great groups of

rocks over the British Isles will be seen on refer-

ring to the map forming the frontispiece. Leaving
minor details out of account, it will be noticed that

Britain may be roughly divided into four areas,

each occupied mainly by one of the groups. That

portion of Scotland which lies to the north-west of

a line drawn from the Firth of Clyde to Stonehaven,

south of Aberdeen, is largely occupied by Precam-

brian rocks, and it may be mentioned that this line is

continued into the North of Ireland, owing to the

occurrence of these rocks in Donegal.
The next line to be noticed is one which extends

with somewhat sinuous course from the mouth of the
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Tees to Start Point, in Devonshire. With few excep-

tions, the rocks occupying the area between this line

and that noticed above are referable to the Primary

group. These rocks occupy the Central Valley and

Southern Uplands of Scotland, the Lake District of

England, the Pennine Chain and moors on either

side of it, Wales, Devon and Cornwall, and also the

greater part of Ireland.

A third line is traceable from the coast of Norfolk

to the neighbourhood of the Isle of Purbeck. The

area between the second and third lines is chiefly

occupied by Secondary rocks, which also stretch to

the east of the third line in one tract, occupying the

Kentish Weald and the North and South Downs,
while the rest of the area lying to the south-east of

the third line is chiefly covered by Tertiary rocks.

From an agricultural point of view the rocks of

the earth's crust are important, not only on account

of the materials which they furnish for the formation

of soil, but also because of their effects in controlling

the surface features of the land.

Other things being equal, the older the rocks the

more durable they will in all likelihood be, for they

have been subjected to the various mechanical and

chemical processes tending to consolidate and harden

them for longer periods of time than the newer rocks.

We accordingly find that the crystalline Precam-

brian rocks of Scotland and slaty Primary rocks of

Scotland, Cumbria, Cambria, Devon, and Cornwall are,

as a rule, the most durable of the British rocks. Next

to these are the limestones and gritstones which are

dominant among the Upper Primary rocks of the



222 AGRICULTURAL GEOLOGY

Pennines, the flanks of Cumbria and Wales, the

Central Valley of Scotland, and the central portions
of Ireland. Following these in durability are the

Secondary rocks of England, and least durable of all

are the Tertiary beds of the South and East of

England.
It is natural, therefore, that the most elevated tracts

should occur among the Precambrian and Primary

rocks, and that is the case. The Highlands of Scot-

land are carved out of crystalline schists
;
the hills of

Wales, the Lake District, and the Southern Uplands
of Scotland are formed of Primary slates

;
the moors

and limestone hills of the Pennines, the Mendips, and

other smaller tracts are composed of Upper Primary

gritstones and limestones
;
the undulating region of

many parts of England consists of Secondary rocks,

while the Tertiary rocks are found to occupy com-

paratively flat country.

These variations in height, which are thus seen to

be largely due to variations in the characters of the

constituent rocks of a region, produce important
effects upon the rainfall, and are herein also of im-

portance in affecting agriculture. Apart from the

variations in rainfall due to geographical position,

it is well known that the rainfall is greater in the

hilly regions than in the flatter tracts, and accordingly
the Highlands of Scotland, the elevated tracts of

Ireland, the hills of Cumbria and of Wales have a

greater annual rainfall than the lower country to the

south and east.

The second of the three lines to which we have

referred, which separates the Secondary rocks from
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those of Primary age, also roughly separates the up-

land from the lowland regions of the British Isles.

To the west of this line we find hard rocks, elevated

land, and abundant rainfall
;
to the east of it softer

rocks, lower land, and a smaller rainfall. The country

to the west of this line is accordingly characterised by
its abundance of waste land and grazing ground,
while the principal corn-growing areas of our islands

are situated on the east side of the line.

The truth of these remarks will at once be apparent
if the student will consult a physical atlas and com-

pare the geological map of our islands with that

showing the elevations and also that of the rainfall.

Before we proceed to describe in detail the

characters of the rocks of the various systems, it will

be well that the student should grasp the dominant

features in the geological structure of our country.

Speaking broadly, the British Isles may be regarded
as forming the south-eastern limb of a gigantic anti-

cline, the axis of which runs off the west coast of

Scotland and the north-west of Ireland, and accord-

ingly in passing to the south-east of this axis we

proceed generally from older to newer rocks.

Were the anticline a simple one, the beds would

dip regularly away from its axis towards the south-

east. In reality, however, it is complicated to a very

high degree, the principal complexities being due

to unconformities, minor folds, and faults. As the

folds and faults were produced during those periods

of earth-movement which gave rise to the uncon-

formities, it will be convenient if we consider the

unconformities at the outset.
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Leaving minor changes out of account, the geological

history of our island may be regarded as consisting

of periods of continental conditions, alternating with

marine conditions. Without discussing the origin

of the little-understood Precambrian rocks, we will

take these as forming the eroded platform on which

the other rocks of Britain repose. At the end of

Precambrian times our area was essentially con-

tinental, and denudation had worn down the old

rocks to an undulating surface. Upon the depres-

sion of this surface beneath the sea, the early Primary
sediments were laid down unconformably upon the

denuded edges of the Precambrian rocks. Leaving
out of account minor movements of uplift, the whole of

early Primary times, when the Cambrian, Ordovician,

and Silurian strata were deposited, may be regarded
as forming one long marine period, during which

the strata, as a whole, were laid down in parallel

sheets over the Precambrian platform. At the end

of Silurian times great earth-movements occurred,

elevating the Lower Primary sediments to form land-

masses, consisting of folded and altered rocks, which

were bent around axes having a general north-east

and south-west direction. During this continental

period much denudation occurred, and accordingly

over considerable tracts of Britain the Upper Primary
strata rest with a marked discordance on those of

Lower Primary date. To this period of great uplift,

also, we owe the still prevalent north-easterly and

south-westerly strike of our Lower Primary sediments,

while the slaty structure of many of the Lower

Primary sediments was impressed upon them as the
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result of the great lateral pressure to which they were

subjected at this period. The Upper Primary sedi-

ments were deposited on the floor of ancient rocks

which had been uplifted and largely denuded. This

floor was uneven, and accordingly the lower members
of the Upper Primary rocks, namely, those belonging
to the Devonian period, were deposited locally, and are

practically absent from the borders of N. Wales and

Cumbria. As the result of denudation and deposition
in the hollows, a comparatively level tract was formed

at the end of Devonian times, and on this the Car-

boniferous sediments were formed during the follow-

ing marine period. At the close of Carboniferous

times another great uplift, or series of uplifts, com-

menced and continued through the times of accumula-

tion of the Permian and Triassic rocks. As a result

of these movements the Precarboniferous rocks must

have been again affected, but as they already pos-
sessed high dips over many areas, as a consequence
of the post-Silurian movements, their existing dips
and strikes were only modified as a consequence of

the post-Carboniferous movements.

It was quite otherwise with the Carboniferous

rocks, which were practically horizontal after deposi-
tion. These rocks were thrown into a series of folds,

giving rise to ridges and intermediate basins, for the

post-Carboniferous folds occurred around axes having
two principal directions the one north and south,

the other east and west. The former, which may be

spoken of as the Pennine system of folds, was the

dominant system in the North of England, while the

latter, or Mendip system, predominated in the South

of England and also in the South of Ireland.

Q
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These systems of folding are responsible for the

existence of our coalfields in the form of basins

flanking the ridges from which the coal-measures

were denuded. We shall have occasion to speak at

greater length of these folds and their effects in a

subsequent chapter.

The principal movements at the date to which we

are now referring had ceased before the deposition of

the Permian and Triassic rocks in Britain, and

accordingly the Permian rocks rest with a marked

discordance upon the upturned and denuded edges

of different members of the Carboniferous system,

and these Permian rocks, though placed in the

Primary group, form physically a base to the

Secondary rocks of Britain.

The Secondary rocks were laid down on the Per-

mian rocks through a long marine period, which

extended with minor breaks into the middle of

Tertiary times. There are, it is true, unconformities

at various horizons, especially in the middle and at

the summit of the Cretaceous rocks, but they do not

affect the strike of the rocks so extensively as those

unconformities which have been already noted, and

accordingly the Secondary and early Tertiary rocks

crop out in sub-parallel strips.

These outcrops are the result of the final great set

of earth-movements which affected the strata of the

British Isles movements which occurred in middle

Tertiary times, culminating in the Miocene period.

So far as Britain was concerned, these uplifts caused

a tilting of the newer rocks in such a manner as to

cause them to dip, usually at a low angle, in a
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direction south of east, the dip being nearly east in

the north-eastern counties, approximately south-east

further south, and either south or north in the southern

counties.

How far the older rocks of northern and western

Britain existed as land before this final set of great

movements is a moot point, but it is generally agreed

that, as the result of the movements which culmi-

nated in the Miocene period, the east, south-east, and

south portions of Britain were converted into land.

The later Tertiary deposits are accordingly poorly

developed in Britain, and only found near portions

of the present coast-line, and the older rocks of

other areas are either bare or covered with those

superficial accumulations of terrestrial origin which

are spoken of by some geologists as appertaining to

the Quaternary period.

The student will find it convenient, in addition to

an examination of the map of England while read-

ing the above description, to examine some typical

sections drawn approximately at right angles to the

general strike of the strata, in order to discover how

they lie in different parts of the country. Two such

sections were published by the late Mr. W. Topley,

and the nature of the ground above the different

groups of sediments was indicated thereon. They
are reproduced here by permission of the Council of

the Royal Agricultural Society (see Fig. 89).

It has already been stated that the drift accumula-

tions mask the solid rock beneath, and are of great

thickness in many parts of these islands. It must

therefore be remembered that, when speaking of the
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influence of the rocks of different geological periods
in affecting the composition of the soil, this influence

may not be felt when the solid rocks are thickly

covered with drift. For instance, in many parts of

East Anglia the chalk, which is the solid rock nearest

the surface, is so thickly covered with drift that the

soil is not affected by the underlying chalk except in

so far as it may have yielded some of its substance

to the drift, rendering the latter calcareous, but the

nature of the soil depends in a high degree upon the

character of the drift.



CHAPTER XVII

THE PRECAMBRIAN AND LOWER
PALEOZOIC ROCKS

IT
has already been stated that the great mass of

British rocks of Precambrian age is found in

Scotland, north of a line drawn from Stonehaven on

the east coast to the Firth of Clyde on the west,

and continued across the north-west of Ireland.

The whole of this area is, however, not occupied by
these rocks, for we find a strip of older Primary
rocks running near the west coast from the neigh-

bourhood of Cape Wrath to Skye. Newer Primary
rocks are well developed around Moray Firth, and

extend to the Orkney Islands. A small develop-

ment of Secondary rocks is found in some of the

western isles, and also in Sutherland
;
and lastly,

great masses of igneous rock of various ages break

through the Precambrian rocks of the mainland,

and form a portion of some of the western isles,

as Mull and Skye.
In addition to this great development of these

very ancient rocks, we find representatives of the

Precambrian period cropping out in smaller patches

further south, owing to the existence of minor folds

and faults, which have brought up portions of this

230
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ancient platform to a height sufficient to allow them

to have been laid bare by the agents of denudation.

Accordingly small tracts of rock, which have been

referred to the Precambrian period, are found in

Anglesey, Carnarvonshire (between Bangor and Car-

narvon, and further to the south-east in a strip

crossing Llanberis Lake), near St. Davids, and

other parts of Pembrokeshire, and in England in

the Malvern Hills, the Wrekin district, near Nun-

eaton, the Lickey Hills, Charnwood Forest, and

possibly also in Cornwall.

The prevailing note of these British rocks is the

predominance of crystalline schists, though the

southern patches contain many igneous rocks which

have not been converted into schist, and occasional

sediments and volcanic ashes, while in Scotland

there is a considerable development of sandstone

the Torridon sandstone which there rests uncon-

formably upon the schistose rocks.

The origin of the schistose structure has already

been referred to. Many of the rocks are known to

have been originally igneous, while others are un-

doubtedly sedimentary. Of a great proportion the

original nature is unknown. There is no doubt,

however, that as the result of metamorphic change

crystallisation occurred in igneous and non-igneous
rocks alike, and the present characters of the rocks

depend largely upon the crystalline structure and

the divisional planes of foliation which were de-

veloped in these rocks as the result of metamor-

phism.
Some writers have spoken of these ancient rocks



232 AGRICULTURAL GEOLOGY

as Azoic, from the supposed absence of life therein.

This is a question into which we cannot now enter
;

suffice it to say that the traces of life which have

been discovered in the British Precambrian rocks

are very obscure.

We have already noted that, owing to the varia-

tions in the characters of crystalline schists, the soil

derived therefrom may vary considerably. In our

own country, where these rocks have often been

swept clear of their weathered exterior by glacial

action in Quaternary times, and the present rock-

surfaces are unweathered and often smoothed, a

very poor soil is derived from them, and accordingly
the areas occupied by these Precambrian rocks

are, as a whole, characterised by waste land. When
the bare rock does not reach the surface, it is

covered by extensive tracts of heather, or by bleak

peat-mosses, and it is only here and there, among
the Quaternary accumulations of the valley floors

and sides, that cultivation can be carried out on a

small scale.

THE PRIMARY OR PALEOZOIC ROCKS
The Primary rocks of Britain are conveniently

divisible into upper and lower sub-groups, each sub-

group comprising three systems, thus :

Permian ]

Carboniferous ! Upper
Devonian J

Silurian \

Ordovician >Lower
Cambrian /

Palaeozoic or Primary.
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The Lower Primary rocks are chiefly characterised

by the predominance of slates and the rarity and thin-

ness of the limestones. The Upper Primary rocks,

on the other hand, contain important limestones,

and the slates of this group are chiefly confined to

the South of England and of Ireland.

The distribution of these rocks in Britain has

already been briefly indicated, and will be more

fully described when we discuss the characters of

the rocks of the respective systems. The Lower

Primary rocks, owing largely to climatic causes, are

marked by waste land and sheep pastures, the arable

land being very limited. Much of the high ground

occupied by the Upper Primary rocks is also waste

land or pasture, though the proportion of arable

land over these rocks is greater than in the case

of the country of the Lower Primary strata.

Before describing the systems in order it will be

well to offer a few remarks concerning the nomen-

clature applied to the Lower Primary rocks. The
term "

Silurian
"

is sometimes used in geological

literature to include the whole of the Lower Primary
rocks

;
at other times it refers to the upper two-thirds,

which we have spoken of as Ordovician and Silurian

(this is the case, for example, in the figure on p. 227
taken from Mr. Topley's paper) ;

while in this work

we use it only for the upper third of the sub-group.
It is necessary to make this explanation, or the

student of other geological treatises may be confused

by the varied application of the term as used in

different books.
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THE CAMBRIAN SYSTEM
The rocks of this system are developed in Wales in

parts of Carnarvonshire and Merionethshire and in

Pembrokeshire. A few small patches are found

in some of the western counties of England, and a

strip of Cambrian rocks extends from the north

coast of Sutherland in a general southerly direction

to the island of Skye. The Welsh areas, and

especially the regions around Llanberis and Harlech

in North Wales, contain the most extensive British

development of the rocks of this system. They have

here a thickness of from ten to fifteen thousand feet,

and are divided into the following series :

Tremadoc Slates l
. . . 1,000 feet.

Lingula Flags . . 5,000

Menevian Beds v . v 600

Harlech and Llanberis Beds

over . . . 6,000 in places.

The prevailing rocks consist of greenish-grey grits

interstratified with mudstones, which, owing to the

subsequent impress of cleavage, usually occur as slates.

From their great thickness the Lingula flags and the

Harlech and Llanberis beds exercise the greatest

influence upon the character of the ground. Each of

these divisions consists of alternating grits and slates,

which are usually durable, the grits resisting weather

more than the slates. The ground occupied by

1
Here, as elsewhere, in these accounts of the strata the rocks when

tabulated in a columnar form are arranged with the highest strata

at the top.
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these Cambrian beds is therefore usually waste land.

Corn is grown in places mainly oats and barley.

Many of the hills composed of Cambrian rocks, in

addition to those occupied by the Ordovician and

Silurian rocks, are well adapted for sheep-grazing.

The principal economic products of the rocks of the

Cambrian system are slates. The principal supplies

are furnished by the Llanberis beds of Llanberis, Nant

Francon, and Nantlle, in Carnarvonshire; these are

the well-known green and purple slates. Darker

slates are furnished by the Lingula flags of Carnarvon-

shire and Merionethshire, and to some extent also

by the Tremadoc slates. Many of the massive grits

are useful for building-stones. Ores of copper, lead,

and other metals are occasionally worked. In Scot-

land a band of limestone runs southward from Loch

Eribol towards Skye.

Considering the obscure nature of the fossils of Pre-

cambrian rocks, the fauna of the Cambrian system is

remarkably varied, for the principal groups of the

invertebrates are represented. The most abundant

fossils belong to the brachiopods (see p. 224) and the

trilobites. The latter group may be regarded as the

dominant one in Cambrian times. The trilobites are

usually referred to the Crustacea, which include the

crabs and lobsters of the present day, though some

place them among the Arachnida, now represented

by spiders and scorpions. The hard covering of the

trilobite consists of three parts, conveniently spoken
of as head, body, and tail (see Fig. 90). Each

of these is usually markedly trilobed, having a central

axis, separated by furrows from the side parts. In
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the head the axial part is known as the glabella. It

may be expanded in front or behind, and may be

plain or marked by one or more pairs of furrows

which rarely cross the glabella. The lateral portions
of the head are spoken of as cheeks. Each cheek is

Head,

Body

'}
Tail

FIG. 90.

A TRILOBITE (Olenus).

The central bell-shaped portion of the head is the

glabella, with two pairs of glabella furrows indicated

by the paired lines sloping obliquely inwards. The
rest of the head forms the cheeks, which are divided

by the facial sutures one on each side. In the figure

these extend forwards from the crescentic eyes to the

front of the head, and also curve backwards from the

eyes to the hinder margin of the head.

usually divided into two parts by the facial suture

which, cutting the upper part of the head in front,

passes backward, and terminates either at the side,

the angle, or the hind margin of the cheek. When

eyes are present, they are situated on the free cheek,

the fixed cheek being attached to the glabella and
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separated from it by a furrow. The hinder part

of the head consists of a neck-furrow behind the

glabella, with a corresponding ridge usually continued

on the cheeks. This is sometimes mistaken by be-

ginners for a body segment, which it resembles, but

differs by being soldered to the rest of the head.

The posterior angle of the head may be rounded

or prolonged into spines.

The body is composed of separate body rings

varying in number from two to over twenty, though
not often less than eight or more than fourteen. The

axis of each ring is separated from the side or

pleuron by a furrow. The pleura may be grooved
or more rarely ribbed. The ends may be rounded or

terminated in spines. In some cases they are modi-

fied by the possession of facets, allowing one to slip

beneath the other, in which case the animal could

roll itself up like a woodlouse.

The tail is composed of a number of coalesced

segments forming one piece. Each segment may,
and often does, generally resemble a body ring, but

differs from it inasmuch as the lines which represent

divisions between the segments of the tail do not

reach the margin. The tail may be rounded, or

the median axis may be prolonged into a spine.

In some trilobites a fringe of spines surrounds the

tail.

The Cambrian trilobites usually possess small tails

of a few coalesced segments, and are not modified

for rolling up. The facial suture, save in the case

of certain trilobites of the Tremadoc slates, cuts the

posterior margin of the head.
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The trilobite which is figured belongs to the genus

Olenus, which is characteristic of the Lingula flags.

In addition to this the student who has access

to collections may well examine the following Cam-
brian fossils.

Hymenocaris .

J
L .

{

Lmgulella Davisii j

Paradoxides Menevian and Harlech Beds.

THE ORDOVICIAN SYSTEM
The rocks of the Ordovician system are mainly

developed (i) in Wales, around the rocks of the

Cambrian system of North and South Wales, and also

in smaller inliers in various parts of the Principality ;

(ii) in the Welsh borders and adjoining English
counties

; (iii) in Cumberland and Westmorland
;

and (iv) in parts of the Southern Uplands of Scot-

land
;
also (v) in many parts of the outer rims of

Ireland. They are divided into the following series:

Bala or Caradoc Beds.

Llandeilo Beds.

Arenig Beds.

Lithologically they resemble the Cambrian beds

in the abundance of slates, and to some extent

of grits, though they differ from these Cambrian

beds in the very great amount of volcanic matter

in the form of lavas and ashes which is intercalated

with the ordinary sediments. These volcanic rocks

are chiefly found in the Arenig and Bala rocks

of North Wales and the Welsh borders, and in the
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Llandeilo rocks of the Lake District.

As the soils to which they give rise are

not very different from those of the

Cambrian sediments, their main im-

portance, from the agricultural point of

vie\v, is that, owing to their durability,

they have resisted denudation, and are

responsible for much of the . upland
wastes of England and Wales. Snow-

don and its attendant peaks in North

Wales, and the Scawfell group of hills

in Cumbria, are formed of volcanic rock.

Thin bands of limestone occur in the

Llandeilo and Caradoc rocks of Wales,

the Welsh borders, the Lake District,

and the Scotch Southern Uplands.
The section (Fig. 91) drawn from the

shores of the Menai Straits across

Snowdon will give the student an idea

of the relationship of the Ordovician

and Cambrian rocks, and show the

manner in which the hard volcanic

rocks in the centre of the syncline have

affected the character of the country.

The fauna of the Ordovician rocks is

more varied than that of the Cambrian

system. Trilobites and brachiopods are

still very abundant. The former are

more highly organised than those of

the Cambrian system. The size of

head, body, and tail is usually more

nearly equal than in the case of the

u
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Cambrian trilobites, and the segments of the body
are more compactly knit together.

An important feature wherein the fauna of the

Ordovician rocks differs from that of Cambrian strata

is the frequency of graptolites in the former. These

creatures, which are now generally referred to the

Hydrozoa, and are believed to be allied to the modern

sertularians or "Sea Firs," formed hard parts com-

posed of the horny substance known as chitin, which

is familiar to us as covering the bodies of butterflies
;

this chitin is usually replaced by a carbonaceous

material, or by iron pyrites or other mineral, in the

fossil remains of graptolites. Fig. 92 exhibits two

graptolites which will give the reader a general idea

of their appearance. A dagger-shaped sicula the

pointed top of Fig. 92 (A), which is concealed in Fig.

92 (B) forms the hard covering of the young grapto-

lite. From this originates a common canal surrounded

by its hard covering or periderm, arranged lengthways,
and parallel to the canal is a row of cells or hydro-

thecae, which doubtless contained the polypites of the

original colony. These cells had a connection with

the common canal, and also an opening to the

exterior. In certain graptolites a chitinous rod

prolonged at the top of Figure 92 (B) ran along the

periderm on the side opposite to that on which the

hydrothecae occurred, and is frequently seen to be

prolonged beyond the cell-bearing portion of the

graptolite. The branches or stipes of the graptolites

vary greatly in number
;
some graptolites possess

only one stipe, others two, four, and multiples of four,

sometimes exceeding thirty. These stipes may or
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may not be attached to one another. In Fig. 92 (A)

the two stipes are unattached
;

in Fig. 92 (B) they are

attached, so that each side of the "polypary" is

celluliferous, and the chitinous rod passes through the

centre of the fossil. We rarely find four coalesced

FIG. 92.

GRAPTOLITES.

A = Didymograptus. B = Diplograptus.

stipes, but never more. The character of the hydro-
thecae varies greatly ;

in the earlier graptolites they
are usually simple rectangular tubes, while in later

forms they are often very complicated. Fig. 92 (A)

represents Didymograptus, which is characteristic of

the Upper Arenig and Llandeilo rocks, while 92 (B)

shows a Diplograptus^ which ranges from the Arenig



242 AGRICULTURAL GEOLOGY

rocks to the top of the Ordovician and into the lowest

Silurian strata.

The following are names of other Ordovician fossils

which the student may with advantage examine :

Trinucleus concentricus Caradoc Beds.

Asaphus tyrannus . ] T , , ., ^ ,

OgygiaBuchii . . }
Uandeilo Beds.

Tetragraptus . . Arenig Beds.

THE SILURIAN SYSTEM
The rocks of the Silurian system received their name

because they were first studied in detail in the country
of the Welsh borderland, once occupied by the ancient

tribe of Silures. The lithological characters of the

strata in this region are somewhat different from

those which the strata present in other British areas.

The other chief areas where strata of this age are

developed are (i) a strip of country stretching south-

ward from the estuary of the Conway in North Wales,

extending to the east of Bala Lake, and south of this

widening out to include the greater part of Central

Wales, from the Welsh borderland to the coast and

as far south as the Ordovician strata of Pembrokeshire

and Carmarthenshire; (ii) the southern half of the

English Lake District; (iii) a great part of the Southern

Uplands of Scotland. The rocks of the system mainly
consist of grits and slates, having a general resemb-

lance to those of the Cambrian system, and containing
little recognisable volcanic material. In the district of

the Welsh borderland there are important bands of

limestone.
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The Silurian rocks are divisible into the following

series :
~

Ludlow Beds.

Wenlock Beds.

Llandovery Beds.

The principal calcareous beds are found in the

middle of the Wenlock series. Some of this lime-

stone is largely composed of corals, which formed

reefs in the Silurian sea.

The Silurian strata, on the whole, give rise to less

elevated ground than do the Cambrian and Ordo-

vician rocks, and accordingly more cultivation is

carried on in Silurian districts than in those occupied

by the older rocks, but much of the country is waste

land, available only for sheep-grazing, as, for instance,

the hills of the Southern Uplands of Scotland
;
those

lying west of the Lake District proper, known as the

Howgill Fells
;
also those which occupy the greater

portion of Central Wales.

The fauna of the Silurian rocks does not depart

very widely from that of the Ordovician strata. The
trilobites are still more highly developed than those

of Ordovician times, and the facial suture of many
ends on the outer margin of the cheek. Several were

modified so that the creature could roll itself up, and

their remains are often found so rolled. The grap-
tolites are chiefly forms consisting of one stipe, with

a chitinous rod extending along the back of the

periderm, the commonest genus, which practically

ranges through the system, being of this nature
;

it

is termed Monograptus. Corals, as already men-

tioned, are abundant in the limestones (for descrip-
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tion of coral see p. 250). The remains of crinoids,

or sea-lilies, are also very frequent in these limestones.

Some reference to the character of the hard parts
of these organisms which are most frequently pre-
served will be found in a later chapter. The tests

of brachiopods are again abundant. These organisms,

formerly placed with the Mollusca, to some extent

play their part, for we find that, as we pass from older

to newer strata, the proportion of brachiopods dimin-

ishes, while that of the Mollusca increases. The

brachiopods secreted a shell consisting of two valves,

which in one group (Inarticulatd) are connected by
muscles only ;

in this group the shells are often

horny. The genus Lingula represents it. The other

group (Articulatd) contains brachiopods in which the

valves are connected by projections, or "
teeth," on

one valve, fitting into sockets in the other. The shells

of this group are calcareous. The shells of brachio-

pods are inequivalve, one valve being of different

shape from the other, while each valve is usually

equilateral, being divisible by a straight line down
the centre into two equal parts. The valves are

dorsal and ventral, the latter being the larger, arid

prolonged at the anterior end into a beak or umbo,
often perforated by a foramen (f, Fig. 93). An in-

ternal calcareous structure, often consisting of a loop
or of spirals, is found in many brachiopods. Fig. 93

represents Atrypa reticularis, a brachiopod which is

very abundant in Silurian rocks, though it passes

upward into those of the Devonian system. The
true molluscs are fairly abundant in the different

series of the Silurian rocks. Vertebrates first appear
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in these rocks, the earliest British vertebrates, con-

sisting of fish-remains, having been detected rarely

in the Lower Ludlow strata
; they are more abundant

in the Upper Ludlow rocks, and at one horizon are so

frequent as to give rise to a "
bone-bed," containing

numerous fragments of the bones and teeth of fishes.

FIG. 93.

Atrypa reticularis.

f= Foramen in beak of ventral valve.

The following is a list of some characteristic

Silurian fossils :

Chonetes striatella .

Monograptus colonus

Halysites catenularius .

Favosites gothlandica .

Calymene Blumenbachii

Phacops caudatus .

Rastrites peregrinus

Pentamerus oblongus .

j
Ludlow Beds>

Wenlock Beds.

Lland



CHAPTER XVIII

THE UPPER PALAEOZOIC ROCKS

THE
occurrence of important earth-movements

at the close of Lower Palaeozoic times has

already been noticed. These movements were im-

portant on account of their effects (i) upon the

rocks already deposited, and (ii) upon those which

were accumulated during the period of movement.

The rocks already formed were thrown into a

series of anticlinal and synclinal folds, having
their axes running in a general east-north-east

and west-south-west direction : and as the result

of continued pressure, changes were induced in the

rocks, causing their hardening, and in many cases

impressing upon them the cleavage-structures which

converted the finer sediments into slates. The
anticlinal folds gave rise to elevated ground
which underwent denudation, and the denuded

material was accumulated in the intervening and

adjacent depressed areas. Owing to these move-

ments, therefore, the sediments which were deposited

at the commencement of Upper Palaeozoic times

were laid down in sheets which were only formed

over parts of the area
;
and where they were accu-

mulated they frequently possessed somewhat ab-

246
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normal characters as compared with ordinary marine

sediments. As the earth-movements seem to have

decreased in intensity southward, these abnormal

sediments are replaced by normal marine deposits
in the extreme south-west of England. The rocks

of this period are spoken of as belonging to the

Devonian system, and they must now be considered.

THE DEVONIAN SYSTEM
The normal marine sediments of the Devonian

age are found in Devon and Cornwall, on either

side of a strip of Carboniferous rocks running east

and west, which occupies the centre of a synclinal

fold in Mid-Devon. They are largely argillaceous
and arenaceous, though a considerable amount of

limestone is found, especially in South Devon, in

the neighbourhood of Torquay and Plymouth. As
these Devonian rocks at a much later period were

affected by powerful earth-movements which became
less potent further north, they also are often affected

by structures impressed upon them subsequently to

their deposition, and of these structures cleavage
is noteworthy. Though the rocks to some extent

resemble those of the slate districts of Wales, the

amount of land under cultivation in Devon and

Cornwall is much greater than in most of the

Welsh counties, for while a little more than forty

per cent, of the area is waste, nearly sixty per
cent, is under cultivation about thirty-eight per
cent, as arable land and a little over twenty

per cent, as permanent pasture.
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In considering the relationship of the rock-struc-

ture of these counties to the fertility of the soil,

the existence of great masses of intrusive granites

occupying a large part of the south of the counties

must not be overlooked. These granites give rise

to soil which, though often barren at high levels, is

very prolific at lower elevations.

The attempt to classify the Devonian rocks into

series is somewhat difficult, and the student need

not be troubled with the minor subdivisions into

series, the exact position and value of some of

these being still a very uncertain matter. It will

be sufficient for him to remember that the rocks

are usually separated into upper, middle, and lower

divisions. Of these the Lower Devonian rocks

consist largely of sandstones with associated slaty

deposits, and the Middle Devonian strata contain

the principal developments of calcareous matter,

which are frequently found in huge node-like masses

rapidly dying out in all directions, and when studied

in detail are often seen to be composed to a con-

siderable extent of reef-building corals. A fair

amount of volcanic matter is also associated with

the Middle Devonian strata of South Devon. The

Upper Devonian rocks, like the Lower, consist essen-

tially of sandstones and slates, though there is a fair

proportion of calcareous sediment associated with

the mechanical sediments of this age in South Devon.

The abnormal sediment of the Devonian age is

spoken of as belonging to the Old Red Sandstone type.

It now occurs in isolated patches in Great Britain

and in outlying patches and long strips in Ireland.
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The most northerly of these patches in Great

Britain occupies the Orkney Isles, a considerable

part of Caithness, and the strip of coast southward to

Moray Firth. The next large mass occupies parts

of the great Central Valley between the Highlands
and the Southern Uplands, and flanks the Carbon-

iferous strata which occupy the central portion of

this valley. A tract of Old Red Sandstone of some

importance occupies part of the Cheviot Hills.

A very important tract commences near Bridg-

north, in Shropshire, extends over a considerable

part of Herefordshire and Brecknockshire, and sends

off two spurs, one to the south-west to Cardiff and

the other to the west through Carmarthenshire and

Pembrokeshire.

In Ireland the principal development of the Old

Red Sandstone is in the south, in Cork and Water-

ford.

The Old Red Sandstone is usually separated into

upper and lower divisions. Each consists in the

main of quartzose sandstone, coloured red with a

coating of oxide of iron around the constituent

grains of the rock. Shales and conglomerates occur,

intercalated with the sandstones at different horizons.

In the Lower Old Red Sandstone numerous beds of

nodular limestones, known as "
cornstones," are found

interstratified with the sandstones, as over large parts

of Herefordshire, and the lower division is some-

times known, therefore, as the Cornstone group. In

parts of the Upper Old Red Sandstone series yellow
and brown sandstones frequently predominate over

the red beds.
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The mode of formation of the Old Red Sandstone

is still a topic for discussion
;

while some writers

consider that it had a lacustrine origin, others refer

it to deposit under shallow-water marine conditions.

The Old Red Sandstones furnish good building-

stone, and the well-known Caithness flagstones be-

long to these rocks.

The soil produced from the Old Red Sandstone is

often a strong loam of considerable fertility. Much
is devoted to pasture, and many orchards and some

hop-yards are found in the Old Red Sandstone

country, especially in Herefordshire, where the corn-

stones form the richest soil. In many places, how-

ever, the soil over this deposit is boggy, and therefore

not particularly productive.

The fauna of the Devonian rocks differs in some

respects from that of the Lower Palaeozoic strata.

Corals are, as already pointed out, abundant in places,

and give rise to important masses of limestone. It

will be convenient if the student is here given a brief

account of some of the characters of the hard parts

of corals. The corals belong to the Actinozoa,

which also includes the sea-anemones. The hard

parts of a simple coral, which are composed of car-

bonate of lime, show a more or less close approxima-
tion to radiate symmetry. The whole of the hard

part is termed the corallum, and in a simple coral is

composed of one corallite, while a compound coral

consists of two or more corallites. The typical

simple coral is of conical form, with a cup-shaped

depression or calyx at the widest part of the cone.

The outer wall of the corallum is the theca, which
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encloses a chamber divided by partitions; of these

the first to be noticed are the septa, which are

vertical plates extending from the theca towards the

centre of the chamber within the theca. Some
reach the centre, while others only extend part of the

way, and in some corals the septa are rudimentary.

They are arranged in multiples of four or six, and

FIG. 94.

A = Transverse, B = Longitudinal sections across

a coral (Lithostrotiori).

<:
= Columella.

p= Primary )

s= Secondary /

SePta

t= Tabulae.

the principal septa are termed primary; next in

importance are the secondary, and there may be

tertiary and even higher multiples. In Fig. 94 a

diagrammatic representation of primary septa (/) and

secondary septa (s) is shown in a cross - section

of a coral. In Palaeozoic corals the septa are

generally in multiples of four, while in the later

corals they are usually in multiples of six. A
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vertical calcareous rod, the columella, is found in

the centre of the chamber of many corals. In a

longitudinal section, as seen in the diagram 94 (B),

other calcareous plates arranged more or less trans-

versely across or partly across the chamber may be

seen. Those which extend right across the chamber

or nearly so are termed tabulae, while others which

extend partly across uniting adjacent septa are

termed dissepiments.

A very common Devonian coral is Pachypora

cervicorniS) in which the septa are rudimentary, while

the tabulae are very regular. This coral is com-

pound, consisting of a number of polygonal corallites,

so arranged as to present the appearance of deer's

antlers when the coral is cut longitudinally ;
hence

the specific name. Another remarkable Devonian

coral is Calceola sandalina, which resembles the

pointed extremity of an antique slipper. It is chiefly

noteworthy for the occurrence of a calcareous oper-

culum which closes the calyx, a very exceptional

structure among the corals.

The trilobites of the Devonian rocks are character-

ised by the possession of spines in many species.

Some of the more ancient trilobites were very

spinose, but the proportion of spinose trilobites

among the Devonian, rocks is unusually large.

This is probably one of the signs of approaching
extinction of the group.
A group of organisms related to the modern king-

crab is found rather frequently in the Old Red
Sandstone rocks. Pterygotus problematicus is a repre-

sentative of this group.
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The most remarkable fossils of the Old Red Sand-

stone are vertebrates. Some of these are armoured

fish with a bony covering to the whole or part of the

body. Some of these vertebrates have now been

separated from the fishes and placed in a different

group, the Agnatha. Cephalaspis is a genus which

is frequently found in the Devonian strata.

Besides the organisms already mentioned, the

following Devonian fossils may be enumerated :

Cucullaea Hardingi . Upper Devonian.

Stringocephalus Burtini . Middle

Pleurodictyon problematicum Lower

THE CARBONIFEROUS SYSTEM
The rocks of this system are divisible into lower

and upper portions. Those of England and Wales

may be conveniently referred to two great axes of

uplift, viz. the north and south Pennine anticline in

the north and centre, and the east and west Mendip
anticline in the south. These anticlines consist chiefly

of Lower Carboniferous rocks, and are flanked on each

side by the rocks of Upper Carboniferous age. In

the north we find the Carboniferous rocks occupying
a large part of Northumberland and Durham, and

extending in a girdle round the slate rocks of the

Lake District. They occupy the fell-region of West

Yorkshire and East Lancashire, and the dale district

of Derbyshire, where they pass below the Triassic

rocks of the midland plain, though "islands" pro-

ject through this, forming various midland coalfields.

A discontinuous strip flanks the east side of the
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older rocks of Wales. In the south, the South Welsh
coalfield and the coalfields of the Forest of Dean
and Bristol lie on the north side of the Mendip area,

while some way to the south of it is the somewhat
abnormal development of Carboniferous rocks of

Central Devon.

In Scotland the main district occupied by Carbon-

iferous rocks is in the drainage areas of the Forth

and Clyde, in the centre of the Great Valley, and, as

FIG. 95.

SECTION ACROSS THE PENNINE CHAIN FROM THE LANCASHIRE
COALFIELD TO THAT OF YORKSHIRE.

(Length about 40 miles.)

T= Trias. P= Permian. CM= Coal-measures.

MG= Millstone Grit.

L C= Lower Carboniferous strata (Limestones and Shales).

before stated, these rocks are flanked to the north

and south by strata of the Old Red Sandstone.

In Ireland the central plain is largely composed of

Lower Carboniferous rocks, for the Upper Carbon-

iferous rocks have been almost entirely removed by

subsequent denudation, though isolated patches have

been left, forming the coalfields of Clare, Limerick,

and Cork, and the Leinster coalfield in the south, and

those of Leitrim, Tyrone, and Antrim in the north.

The mode of occurrence of the coal-measures in

basins is well shown in a section taken across the

Pennine chain from the Lancashire coalfield to that

of Yorkshire, as represented in Fig. 95.
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The lithological characters of the Lower Carbon-

iferous rocks differ in a marked degree over great

parts of Britain from those of the Upper Carboniferous

rocks. The following is the classification of the

beds :

f Upper

<u

i
05

u

J

A x

Middle [ Coal-measures.

Lower I

Millstone Grit.

Lower
Upper Limestone Shales.

Mountain Limestone.

I Lower Limestone Shales, Sandstones,

and Conglomerates.

The Mountain Limestone forms the main division

of the Lower Carboniferous rocks, as the upper and

lower shales are often thin, and when thick may be

intercalated with calcareous beds. The limestones

are frequently massive, of a grey colour, and in many
places of a high degree of purity. The well-known

dale districts of Derbyshire and the West Riding of

Yorkshire and the Mendip ridge show the type of

country formed of this rock in a characteristic

manner. The drainage is largely underground, and

the limestone often gives rise to bare plateaux and

escarpments.
In Northumberland the Lower Carboniferous rocks

are largely composed of mechanical sediments, and

coal-seams occur in them. In Scotland some of the

beds of this age are of fresh-water origin, while in

Devonshire the thin Lower Carboniferous strata are

partly composed of radiolarian cherts. Much of the



256 AGRICULTURAL GEOLOGY

Lower Carboniferous country of Ireland is occupied

by bog.

The limestones are of organic origin, some being
formed largely of reef-building corals, though the

most noteworthy of the limestones consist to a large

extent of fragments of crinoids or sea-lilies.

The soil of the Lower Carboniferous rocks where

composed of limestone is often very thin, if indeed

it be not altogether absent
;
but where, the limestone

has been mixed with mechanical impurities, these are

left behind after the solution of the upper parts of

the limestone, usually giving rise to a ferruginous

loamy soil, which is often covered with short sweet

turf so characteristic of calcareous formations in

Britain. This forms good grazing ground for sheep
and cattle, as is well exhibited in the case of the

calcareous districts of the West Riding of Yorkshire

about Skipton and Settle.

The argillaceous development of the Lower Car-

boniferous rocks is frequently occupied by rushy
waste land, due to the impervious nature of the

underlying rocks.

Sandstone is the dominant rock of the Upper
Carboniferous strata. The Millstone Grit consists

almost exclusively of coarse yellow sandstones,

though thin seams of shale are intercalated with

them. The sandstones of the coal-measures are

usually finer than those of the Millstone Grit. Shales

are also found with them, though the most interesting

deposits are the coal-seams and their underclays,

and certain bedded ironstones.

The nature of coal has been briefly noticed in
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Chapter V. There is no doubt that the Carboniferous

coal is of vegetable origin, and that it is mainly

composed, as previously stated, of lycopodiaceous

plants, now represented by the club-mosses, many of

which reached a gigantic size in the Carboniferous

period.

The underclays which occur below many seams

are certainly of the general nature of soils
; they

are often penetrated by rootlets, and like other soils,

their alkaline constituents have been largely ex-

tracted
;

hence their value as fire-clays, owing to

their relative infusibility.

The coal-seams appear to have been formed by the

growth of vegetation on flat, marshy ground, in an

area of considerable humidity.

Among the economic products of the coal-measures

besides coal and fire-clay, we may mention lime from

the Lower Carboniferous Limestone and building-

stone from most of the divisions. Iron ore occurs in

strata in Staffordshire and Scotland, and in fissures

in the Mountain Limestone of the Furness district of

Lancashire. Lead is often found in veins in the

Mountain Limestone, as in Cumberland, Yorkshire,

Derbyshire, and Flintshire. The soil of the Millstone

Grit is usually very unproductive, and the Millstone

Grit gives rise to moorland country. The soil of

the coal-measures is also usually barren, though
there are exceptions to this, especially upon the

lower grounds occupied by deposits of this age.

The flora of the Carboniferous rocks is one of

flowerless plants. Besides Lycopods, Equisetaceae

(horsetails) and ferns are abundant.

s
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The fauna is a varied one. The great groups of

invertebrates are well developed, and among the

vertebrates we find many fish and also some amphibia,

though the latter are far from numerous.

The abundance of crinoids in the limestones has

already been noted. The structure of these creatures,

which appertain to the Echinodermata and are allied

to the echinids or sea-urchins of our shores, is com-

plicated, and as complete specimens are somewhat

rare, it will be unnecessary to give an account of the

structure. It will be sufficient to state that the

greater number of extinct crinoids possessed a cal-

careous stem, consisting usually of a large number of

circular or five-rayed plates perforated in the centre,

and often marked by ridges or furrows around the

margin. It is these stem-plates which contribute

very largely to the crinoidal or encrinital limestones.

As the ligament which passed through the perforated
centres frequently decomposed before the creature

was embedded, the plates are frequently separated,

or clusters of a few attached plates are found still

connected. The general appearance of these crinoid

plates is shown in Fig. 96.

Among the corals of the Mountain Limestone we

may mention Lithostrotion basaltiforme, which con-

sists, as its specific name indicates, of corallites of

polygonal outline resembling small basaltic columns,

and Syringopora, consisting of tubular corallites

which are not in contact, and are arranged in sub-

parallel groups, adjoining corallites being connected

at intervals by small transverse tubes. Brachiopods
are still abundant, the genera Producta and Spirifera,
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though by no means confined to the Carboniferous

system, being very frequent in its strata. Trilobites

are rapidly disappearing, only a few genera occurring
in the rocks of this system, and their remains are rare.

Of the molluscs, most of the important groups are

well represented. Among the coal-measures, bivalve

Mollusca somewhat similar to the modern fresh-

water mussel are common, and they suggest fresh-

water origin, for some, at any rate, of the beds of

the coal-measures.

FIG. 96.

CRINOID PLATES IN LIMESTONE.

The great group of Cephalopods is represented by

many forms. These, the highest of the Mollusca, are

divided into two orders one containing the cuttle-

fish and the other the nautilus. The latter division

is characterised by the possession of a shell having
certain structures which may be noticed at this point.

Fig. 97, showing the shell of Goniatites, a frequent
Carboniferous cephalopod, as seen both from the

exterior, with the shell removed (A), and in cross-

section (B), will serve to illustrate the nature of a

cephalopodous shell.
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The shells of the Cephalopoda may be regarded as

elongated cones, which may be straight or coiled in

various spirals. In Goniatites the shell is coiled in a

discoid spiral, i.e. a spiral in which all the whorls are

in one plane, as opposed to a helicoid spiral, like that

of a snail-shell, in which the whorls are not in one

plane. The cavity of the shell is divided into chambers

by calcareous partitions or septa, and the chambers

FIG. 97.

A GONIATITE.

A. Internal cast showing sutures.

B. Cross section showing septa (the siphuncle is not seen).

increase in size as the aperture of the shell is ap-

proached. These septa are pierced by a tube or

siphuncle, which may occur on the inner or outer

margin of the shell, or may be central. In Goniatites

the siphuncle is on the external margin ;
it is not

shown in Fig. 97 (B).
1

The septa may be simply curved, or the parts

adjoining the shell wall may be folded and puckered
in various ways. If the shell be stripped off a fossil

1 For siphuncle see Fig. 98, p. 275.
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and a cast of the interior left, as in Fig. 97 (A), the outer

rims of the septa will appear as lines on the cast.

These are known as sutures, and by them the Cepha-

lopods of different ages may be to some extent recog-

nised. If the folds in the septa are simple, the sutures

will also be simple ;
if very complex, the sutures will

be complex. In Goniatites the sutures are usually

angular, as shown in Fig. 97 (A), or they may be slightly

rounded at the angles ; whereas, as we shall find

when we consider the ammonites of the Mesozoic

rocks, the sutures of those shells are usually much
more complicated.

In addition to the fossils of the Carboniferous rocks

which have already been enumerated, the following

may be mentioned :

Calamites . . . .
)

r. MI .
. , Plants of the Coal-

Sigillana, with its roots, \
~ . . measures.
Stigmana . . . )

Phillipsia . . . . ) Lower

Euomphalus pentangulatus / Carboniferous.

THE PERMIAN SYSTEM

Although the beds of the Permian system are

placed among the Primary strata, and the Triassic

rocks are included among the Secondary strata, the

British Permian rocks are separated from those of

Carboniferous age by a great physical break an un-

conformity while the unconformity between Permian
and Triassic rocks, when present, is but slight. We
accordingly find the Permian rocks resting upon the

upturned edges of the Carboniferous strata, as shown
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in the section, Fig. 95, while their prevalent strike

conforms with that of the Mesozoic strata of the

east of England.
As the result of the uplifts at the close of Carbon-

iferous times the British area was once more under

essentially continental conditions, and the prevalence
of a dry climate caused the area to be arid, thereby

affecting the nature of the rocks of Permian and

Triassic ages, which are largely of the nature of

desert accumulations.

The principal strip of Permian rocks extends from

the mouth of the Tyne southward to Nottingham.
Less extensive developments are found on the west

of the Pennine chain in the Eden Valley and near

Manchester, and some small patches occur here and

there in the midland and southern counties.

The succession of the rocks is as follows :

Magnesian Limestone.

Marl Slate.

Lower Permian Sandstones.

The Lower Permian Sandstones are not well de-

veloped on the east, but attain a considerable thickness

in the Eden Valley, where they form the great bulk

of the Permian strata, and are coloured red by iron

oxide.

The Marl Slate is usually quite thin, and of little

importance in affecting the soil. It is not a true slate,

but a muddy deposit.

The Magnesian Limestone is composed of varying

amounts of carbonates of lime and magnesia. It

attains its principal development in Durham and
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Yorkshire
;
in Nottinghamshire it passes into a sand-

stone cemented by an infiltration of the carbonates

of lime and magnesia.
The Permian rock furnishes good building-stones

in places. The Penrith Sandstone of the Eden Valley

is largely used for this purpose, as is also the sand-

stone development of the Magnesian Limestone series

about Mansfield, in Nottinghamshire.
The Lower Permian Sandstones are marked by a

considerable amount of waste land. The Magnesian
Limestone when pure gives rise to a light, dry, arable

soil.

The fauna of the British Permian rocks is naturally

poor. The principal fossils occur in the Magnesian

Limestone, and furnish evidence that this deposit was

laid down in a sea which was shut off from the main

ocean, for the fossils are stunted, and though indi-

viduals are abundant, they belong to few species. The

fauna may be looked upon as the surviving relic of

the Carboniferous fauna. Among the British fossils

may be mentioned a brachiopod, Producta horrida,

and a bivalve mollusc, Schizodus obscurus.



CHAPTER XIX

THE SECONDARY ROCKS

THE Secondary rocks of England were deposited

with no great break upon the Permian rocks,

when the latter occur. Their distribution in the east

and south-east of England, east of a line drawn from

the Tees to Torbay, has already been noticed. They
have a prevalent strike from north-north-east to

south-south-west over a great part of this tract, but

the strike is approximately east and west through
several of the southern counties. They dip usually

at low angles towards the North Sea, except in the

south, where they are thrown into anticlinal and

synclinal folds, of which the most important is the

great Wealden anticline or elongated dome. The
rocks are of very varied characters, and they consist

essentially of marine strata, with the significant ex-

ception of the strata of the lowest system.
The country occupied by Mesozoic rocks consists of

two important strips of elevated ground with escarp-

ments facing westward, each overlooking a plain to

the west, and dip-slopes sinking eastward. Com-

mencing in the west, we meet with the Triassic plain

of central England, which is overlooked by the great

escarpment of the Lower Jurassic rocks. The Upper

264
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Jurassic rocks form another plain, which in one place

expands into the fenland, and this is flanked to the

east by the Cretaceous escarpment. A minor plain,

that of the Gault, is sometimes emphasised by the

local importance of the high ground of Lower Cre-

taceous age, and it is bounded to the east by the

escarpment of the chalk.

The dependence of the character of the ground

upon the underlying formations in the area of England

occupied by Mesozoic strata is well shown in the

section No. 2 in Fig. 89.

THE TRIASSIC SYSTEM
As the physical conditions which prevailed over

the British area in Permian times were as a whole

continued through the greater part of the Triassic

Period, the lithological characters of the Triassic

rocks have much in common with those of Permian

times, red sandstones being the prevalent strata.

The Triassic rocks are very widely distributed in

England. They occupy a great part of the Central

Plain, in the counties of Stafford, Shropshire, Wor-

cester, and Warwick. This plain is continued north-

ward as a narrower strip through Nottingham and

Yorkshire into Durham, and southward to Gloucester,

East Somerset, and East Devon, while a spur is sent

from the north-west end of the Central Plain into

Cheshire and West Lancashire. The eastern part of

the Eden Valley and the plain of the Vale of Clwyd,
in North Wales, are also composed of Triassic

strata.
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The classification of the British Triassic rocks is as

follows :

Rhaetic.

T-T ( Keuper Marls.
Keuper

1 Keuper Sandstones

(unconformity).

i

Upper Red and Mottled Sandstone.

Pebble Beds.

Lower Red and Mottled Sandstone.

The nature of the Bunter beds is almost suffi-

ciently explained by the names assigned to them.

The sandstones are usually soft, false-bedded, bright

red deposits with occasional breccias. They are occa-

sionally of sufficient hardness to be used for building

purposes. The pebble beds often consist of a brown

sandstone, with a varying proportion of well-rounded

pebbles, of which the dominant rock is quartzite.

The Bunter beds are usually, if not always, sepa-

rated from those of Keuper age by an unconformity,

and numerous local unconformities occur in the

centre of both Bunter and Keuper deposits, as might
be expected in a group of deposits which were

accumulated under continental conditions. Many of

the sandstones yield evidence of having originated

as dunes blown by the wind and piled up on the

floor of the desert.

The Rhaetic beds, which are classified with the

Triassic rocks, are marine sediments of very constant

characters. They more closely resemble the Jurassic

rocks, but being very thin are of no great importance

from a practical standpoint.
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The economic importance of some of the products
of the Triassic rocks is considerable. Good building-

stones are found among the sandstones of Keuper

age, and Cheshire and the adjoining counties have

long been celebrated for the abundance of rock-salt,

which is intercalated with the mechanical accumula-

tions of the Keuper marls. Gypsum is found in

several places. The so-called marl itself is exceed-

ingly important, being used for marling land occupied

by other strata.

The Bunter beds cause a considerable amount

of waste land, especially the Middle Division the

pebble beds
;

but even these have been rendered

fertile by means of marling, the marl being brought,

as stated, from the adjacent Keuper deposits.

Much of the New Red Sandstone ground is now
arable land, and it also furnishes rich meadow and

pasture land. The cattle which supply the milk for

Cheshire cheeses, for example, are reared upon this

land.

The marls form ground which is adapted for

orchards and also for the growth of teazles.

The fauna of the British Triassic strata, apart from

the Rhaetic beds, is even poorer than that of the

Permian rocks. With the exception of a few poorly

preserved shells, the principal fossils are those of

amphibia and reptiles.

The latter first appeared in the Permian strata, and

became very abundant among the Mesozoic rocks.

It is unnecessary to enumerate any of the fossils of

the British Triassic beds.
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THE JURASSIC SYSTEM
The rocks of the Jurassic system are chiefly found

occupying a strip of country extending from the

Yorkshire coast to that of Dorsetshire. Some out-

lying patches exist in the north and west of Scotland

and in the north-east of Ireland. As the rocks of

this system are very varied, and many of them give

rise to soils of great fertility, it will be necessary

that the student should consider their classification

in somewhat greater detail than in the case of the

rocks of the systems which have hitherto been

considered.

The following classification will suffice :

rPurbeck Beds.

j
Portland Beds.

IKimmeridge Clay.

rCorallian Beds.

Oolites 1 Oxford Clay.

Oolites

Upper
Oolites

Middle

Lower

Oolites

Lias

i

IKellaway Rock.

Cornbrash.

Forest Marble and Bradford

Clay.

Great Oolite.

Fuller's Earth.

Inferior Oolite.

/ Upper Lias.

-j

Middle Lias or Marlstone.

ILower Lias.

The Lias beds rest conformably upon the Rhsetic

beds of the Triassic system, but the Cretaceous beds
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in most parts of the line of junction with the rocks

of the Jurassic system repose upon the latter in an

unconformable manner.

The predominating strata of this system are

more or less consolidated muds, which attain their

maximum development in the case of the Lias,

Oxford Clay, and Kimmeridge Clay. Separating
these clayey deposits are limestones and sandstones,

the latter being sometimes pure quartzose sands,

though they are often ferruginous or calcareous.

The oolitic limestones are most largely developed
in the group of the Lower Oolites, though they are

by no means exclusively confined to them.

The Liassic beds commence near Whitby in the

north, and are exposed at the bottoms of several of

the valleys among the moors of East Yorkshire.

They run southward, forming a comparatively narrow

strip in Yorkshire and Leicestershire
;
but this strip

widens in Leicestershire, Northamptonshire, and

Warwickshire, to contract once more further to the

south. Owing to the argillaceous character of the

beds, the country occupied by them is largely of

the nature of plain, and forms an eastward con-

tinuation of the Triassic plain.

The Middle Division of the Lias, as its title

Marlstone implies, is more calcareous than the

Upper and Lower Divisions. The latter consist

essentially of clay, with intercalations of impure
limestone often occurring in disconnected nodular

masses. The Middle Division, on the other hand,

contains much limestone, often iron-stained, and

there are frequent beds of sandstone.
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The Lower Oolites are very variable. In the

south-western counties of Dorsetshire, Somerset-

shire, and Gloucestershire the beds are largely cal-

careous, the Inferior Oolite limestone and the Great

Oolite limestone being important members of the

series. At the base of the Inferior Oolite of these

counties occurs a deposit of micaceous sandstones

which is often calcareous. These sandstones are

called the Midford sands. The Inferior Oolite lime-

stone is oolitic in texture and often iron-stained. It

has intercalated beds of sands and marls.

The Fuller's Earth is formed of clay and marl with

some clayey limestone.

The Great Oolite is a yellowish oolitic limestone,

with occasional marly partings. At its base in

Oxfordshire is a laminated calcareous sandstone,

which is used for roofing purposes ;
it is termed

the Stonesfield slate, though it is not a slate in the

technical sense of the word.

The Forest Marble contains a great variety of

muddy, sandy, and limy beds, though an oolitic

limestone forms its principal deposit. In some

places it appears to be replaced by a clay, the

Bradford Clay.

As one passes to the north from the south-western

counties, the Lower Oolites undergo a marked

change, as the calcareous deposits disappear and

are replaced by estuarine sands, which are known

as Northamptonshire Sands in that county, and are

spoken of as the Estuarine series in Lincolnshire

and Yorkshire. In Northamptonshire the Estuarine

beds represent the Inferior Oolite and the lower
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part of the Great Oolite, the upper portion of this

series being still represented by marine limestones

and clays ;
but in Lincolnshire and Yorkshire these

also are replaced by estuarine sands. In Lincoln-

shire, however, part of the Inferior Oolite is repre-

sented by a marine oolitic limestone known as the

Lincolnshire Limestone, which is also feebly repre-

sented in Yorkshire, and at its base in the former

county is a deposit resembling the Stonesfield Slate,

but of earlier date than that formation, known as

the Collyweston Slate.

The Cornbrash, though a thin deposit, is singularly

uniform in its character, being a brashy argillaceous

limestone, though in places it is iron-stained.

Owing to the comparatively hard nature of many
of the Lower Oolitic formations, they give rise as a

rule to fairly high ground.
The Middle Oolites consist essentially of a clayey

series at the base and a variable series at the summit.

The clay series, known as the Oxford Clay, has in

Wiltshire a hard, calcareous sandstone the Kellaway
or Kelaways Rock at its base. The Oxford Clay
itself is a fairly constant dark blue or slate-coloured

clay, and the ground occupied by it is usually flat.

The Corallian beds of Yorkshire and of the south-

western counties consist of oolites and other lime-

stones partly formed of reef corals, with calcareous

grit at the base and summit
; they frequently occupy

somewhat elevated ground. In Bedfordshire, Cam-

bridgeshire, and Lincolnshire, however, with one

insignificant exception near Cambridge, where cal-

careous rock is found, the representatives of the



272 AGRICULTURAL GEOLOGY

Corallian beds are argillaceous, consisting of dark

clays, and here is an uninterrupted accumulation

of clay from the base of the Oxford series to the

top of the Kimmeridge series, giving rise to the

plain of the Great Ouse and the Fenland.

The Kimmeridge Clay is a bluish-grey laminated

clay, brown when weathered, and often bituminous
;

it contains sandy layers in places.

The Portland beds are found chiefly in the extreme

south of England, though clayey equivalents also

occur in Yorkshire. In the Isle of Portland they
are subdivided into Portland Stone above and

Portland Sand beneath. The Stone is a white oolitic

limestone, while the Sands are usually ferruginous.

The Purbeck beds consist of fresh-water and

estuarine limestones, clays, and marls, with old

surface soils intercalated with them.

The economic products of the Jurassic beds are

varied. Building - stones are largely derived from

the oolitic limestones, especially those of the Inferior

Oolite, the Great Oolite, the Lincolnshire Limestone,

and the Portland Stone, though other limestones,

including those of the Lias, are also employed.

Among the sandstones used for building are those

of Midford Sand age, including the Ham Hill Stone,

and the calcareous sands of the Estuarine series.

The utilisation of the Stonesfield and Collyweston

slates for roofing purposes has been previously noted,

and some of the fissile beds of the Forest Marble

are used in the same way.

Many of the argillaceous beds of the Jurassic

series are used for brick-making, including those of
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the Lias and of the Oxford Clay. The brick-making

industry, which has become of late years so marked

near Peterborough, is due to the nature of the Oxford

Clay. Some of the calcareo-argillaceous rocks, especi-

ally those of the Lias, furnish hydraulic cement.

Iron ore is extensively worked in the Middle Lias

beds of the Cleveland district of Yorkshire, and in

the Estuarine series of Northamptonshire.
In addition to these products, most of the cal-

careous beds are burnt for lime, and many of the

hard beds of the Jurassic system have been utilised

for road-metal. The purer clays of the Fuller's Earth

are used for fulling cloth.

With so variable a succession of rocks as is pre-

sented by the Jurassic system, the nature of the soil

also presents many variations.

The Lias Clays give rise to pastures. The cattle

reared on the Lower Lias clays of Gloucestershire

furnish the milk for the double Gloucester cheese,

and the milk which produces Cheddar cheese is

obtained from cattle pastured on the lands of the

Lower Lias and Trias of Somersetshire. The soil

derived from the Middle Lias is rich, and in the

south-western counties favours the growth of apples.

The soil of the Midford Sands is usually of a fertile

character. The Inferior Oolite gives rise to a reddish-

brown brashy soil, the higher grounds being used for

sheep-walks, but where the soil is deep it gives rise to

good corn-growing country. The land occupied by
the Fuller's Earth is usually covered by a heavy soil,

which is not particularly fertile.

The soil of the Forest Marble is also usually poor,
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but capable of improvement by draining. The Corn-

brash gives rise to a soil which is described by the

name of the formation
;

it is, in the south-western

counties at any rate, a brashy soil, good for the

growth of corn. In Northamptonshire it is not so

fertile. It possesses more phosphate of lime than do

the underlying formations of the Jurassic system.
The Northamptonshire Sands form a rich soil, but

the soil of the Upper Estuarine series of the Midlands

is comparatively barren, and that of the Great Oolite

Clay by no means fertile
;
while the rocks of the

Estuarine series of Yorkshire, mainly owing to the

elevation of the ground which is occupied by them,

are chiefly marked by moorland.

The Lincolnshire Limestone is covered by a light,

somewhat unproductive soil, though good barley is

grown upon it in places.

The Oxford Clay land is difficult to cultivate, and

requires draining. Most of it is under permanent

pasture.

The Corallian rocks give rise to an arable soil of a

sandy or brashy character, varying according to the

nature of the underlying beds
;
the pasture is poor,

and the soil unproductive in some localities. The
soil of the argillaceous development is similar to that

of the Oxford Clay.

The Kimmeridge Clay, again, yields an unproduc-
tive soil, most of the land being pasture land or

meadow. Oaks grow well upon it, hence the name
Oak-tree Clay given to it by William Smith. The
Portland Stone gives rise to a poor, brashy soil.

The flora of the Jurassic rocks is characterised by
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the abundance of cycads. Plants are found abund-

antly in the Estuarine series of Yorkshire, where

indeed they were of sufficiently luxuriant growth to

give rise to deposits of coal.

The fauna shows a distinct approach to the existing

fauna, and especially to that of Australia. Brachio-

pods are still abundant, but true molluscs now out-

number them. Mammals which appeared in the

Triassic rocks are found in the Stonesfield slate and

in the Purbeck beds, and a bird has been discovered

in the Jurassic rocks of the Continent.

FIG. 99.

A BELEMNITE.

= Guard. /= Phragmacone.

It is the Cephalopods among the invertebrates and

the reptiles among the vertebrates which form the

dominant notes in the Jurassic fauna. The Cephalo-

pods which are most abundant are ammonites and

belemnites, the former being related to the modern

nautilus and the latter to the cuttle-fish.

The ammonite's shell differed from that of the

goniatite described when discussing the Carboniferous

rocks by the characters of the septa. In the ammon-
ites these are usually very complex, and are spoken
of as foliaceous. Their nature will be grasped from

the representation of a Jurassic ammonite (Ammon-
ites Parkinsoni) given in Fig. 98. The principal
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part of the belemnite which is preserved is a more

or less conical calcareous body known as the guard,

composed of concentric layers of carbonate of lime,

usually of a brown colour. The upper part of this

guard is marked by a conical cavity, in which was

inserted a chambered tube with simple septa and

a marginal siphuncle.

The structure of those hard parts of a belemnite

which are commonly preserved is exhibited in Fig. 99.

Study of the following Jurassic fossils will be found

useful :

Paludina . . . Purbeck Beds.

Trigonia gibbosa . . Portland Beds.

Ostrea deltoidea . . \

Exogyra virgula . . > Kimmeridge Clay.

Ammonites biplex . . /

Thamnastraea arachnoides
. Corallian.

Cidaris nongemma
Gryphaea dilatata

Ammonites cordatus . . Oxford Clay.

Belemnites Oweni

Avicula echinata . . Cornbrash.

Apiocrinus Parkinsoni . Bradford Clay.

Terebratula fimbria . . Great Oolite.

Ostrea acuminata . . Fuller's Earth.

Ammonites Murchisoni . Inferior Oolite.

Pentacrinus briareus .

Hippopodium ponderosum

Gryphaea arcuata( = incurva)
j-

Lias.

Ammonites communis

Ichthyosaurus, bones of
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THE CRETACEOUS SYSTEM
The Cretaceous rocks of England are traceable

from Flamborough Head in Yorkshire, through

Lincolnshire, East Anglia, Beds, Herts, Bucks, Ox-

fordshire, and Wilts, to the sea in Dorsetshire. From
Wiltshire an anticlinal of Cretaceous rocks extends

eastward through Hampshire, Surrey, and Sussex

to Kent.

The system receives its name because it contains

the well-known chalk deposits, but in addition to

these there is a great variety of deposits included

in this system. The chalk occupies the largest area

in England which is covered by any one deposit.

The Cretaceous beds of England are classified as

follows :

( (Upper.

Upper
Chalk Middle.

'Lower.

^Upper Greensand and Gault.
Cretaceous^ TLower >.

Lower Greensand l=Speeton Clay
Wealden Beds

((approximately).

^HastingsSands'

Cretaceous beds are also found in some of the

western isles of Scotland and in the north-east of

Ireland in Antrim.

The Lower Cretaceous rocks are most extensively

developed in the Wealden district of the south-east

of England, and as the Upper Cretaceous rocks are

well seen on either side of this district, a section
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across the district from north to

south is here inserted to give an

idea of the mode of occurrence of

the rocks of this system in the

southern area (Fig. 100).

In the Weald area the Hastings
Sands form the lowest deposits ;

they are succeeded by the Weald

Clay. Sands and clay are alike of

fresh-water origin. The sands con-

sist of yellow and white sandstones,

with some clays and deposits of

iron-ore. The Weald Clay is blue,

but weathers to a brown colour, and

contains beds of fresh-water lime-

stone, sandstone, and iron ore.

The Lower Greensand is a very
variable group of deposits. It re-

ceives its name from the frequent

presence of grains of glauconite,

which give the sands a greenish

hue. In addition to this, non -

glauconitic sands, clays, limestones,

and cherts are found in it. The
fossils show that the deposits are

marine. A development of Lower

Cretaceous beds somewhat similar

to that described above is also

found in the Isle of Wight.

Along the main line of outcrop
of the Cretaceous beds in the home

counties, and as far as North

o
o *

g
C/5

D
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Norfolk, the strata rest unconformably upon the

Jurassic rocks. The fresh-water beds of the Weald
area are not represented, and usually only the very

highest members of the Lower Greensand are found.

They usually consist of shallow water, iron-stained

sands, and pebble beds, which have yielded phos-

phatic nodules at Brickhill (Bucks), Potton (Beds),

and Upware (Cambs).
In Norfolk these beds are known as Carstone.

Passing into Lincolnshire, the lower beds of the

Lower Cretaceous rocks again appear in the guise

of marine sediments. In that county they are

largely sandstones, with some deposits of iron ore,

and form the Spilsby Sandstone in part and the

Tealby beds. There appears to be a perfect con-

formity between Cretaceous and Jurassic rocks in this

county, and also in Yorkshire, where the Lower

Cretaceous rocks exist as a blue marine clay, the

Speeton Clay, the lowest portion of which is, how-

ever, referred to the Jurassic system.

TheGault and Upper Greensand are treated together

in the basal division of the Upper Cretaceous rocks, for

there is little doubt that parts of the Upper Greensand

represent the Gault, and that in some localities in the

south the whole of the Gault is replaced by beds

having the lithological characters of a Greensand.

The Gault is a stiff blue clay, often glauconitic, and

frequently containing phosphatic nodules, as in Buck-

inghamshire. It is typically developed in the south-

eastern counties, and also along the main line of

outcrop in a northerly direction to the neighbour-
hood of King's Lynn, in Norfolk. Towards the
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south-west the Greensand facies replaces the clay,

and there is a discordance between the Upper Creta-

ceous rocks and lower formations, so that in Dorset

and Devon the Upper Cretaceous rocks rest respec-

tively on Oolites, Lias, Trias, and even on Palaeozoic

rocks.

In the north of Norfolk the clayey Gault passes

by degrees into a thin deposit known as red chalk,

which is found at Hunstanton, and through Lincoln-

shire and Yorkshire to the coast at Speeton. It is a

red calcareous rock, often containing clay in con-

siderable amount.

The Chalk is a white, earthy limestone, composed

largely of the tests of foraminifera, mingled with

minute calcareous plants, and with complete or frag-

mentary tests of higher organisms. It varies con-

siderably in its characters when examined in vertical

sequence, and also when traced laterally.

The division into Lower, Middle, and Upper Chalk

is primarily based on lithological characters, the

Lower Chalk being without flints and containing much

clay towards the base, when the deposit is termed

chalk marl, the Middle Chalk having a few scattered

flints, and the Upper Chalk many flints in nodules

parallel to the planes of bedding, and also in vertical

joints running along the joint-planes.

In Cambridgeshire the chalk rests unconformably

upon the Lower Gault, and the basal pebbly bed of the

chalk is a glauconitic chalk marl, with abundance of

phosphatic nodules, partly derived from the denuded

Upper Gault and partly formed in situ.

Phosphatic deposits have also been found at
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Taplow, where certain lower beds in the Upper Chalk

contain numerous small brown grains of phosphate
of lime. The richer portions of these beds yield
over thirty per cent, of the phosphate.

In Yorkshire the chalk is much harder than in the

southern counties, and the same is the case in the

north-east of Ireland.

The Hastings Sands of the Weald area form high

ground, while the Weald Clay gives rise to plain.

The Lower Greensand often rises into a high escarp-

ment, and the Gault forms another plain. When the

Upper Greensand is well developed it may give rise

to yet another escarpment, separated from the main

chalk escarpment by comparatively low ground occu-

pied by chalk marl. The chalk escarpment is often

double, the less prominent scarp being determined

by the Lower Chalk and the more prominent one by
the Upper Chalk.

With regard to the economic products of the

Cretaceous rocks, we find, in addition to the iron

ores and phosphatic deposits already mentioned,
numerous substances of utility in Lower and Upper
Cretaceous rocks.

The Wealden beds furnish some building-stones

(Horsham stone, etc.), and some of the Paludina

limestones are used for ornamental " marbles."

Many of the Lower Greensand deposits furnish

good building-stone, and Fuller's Earth occurs near

Reigate.

The Speeton Clay is made into bricks, and yields

septarian nodules for hydraulic cement.

The Gault is largely worked for bricks in Cambridge-
shire, Bedfordshire, and Kent.
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The Upper Greensand is in places quarried for

building-stones, and yields hearthstones in Kent and

Surrey. Whetstones are made from siliceous beds of

this age in Dorsetshire and Devonshire.

The chalk is largely burnt for lime in very many
places.

Some of the beds are used for building purposes,

as, for example, the Beer Stone in Devonshire. A
hard bed in Cambridgeshire and the neighbouring
counties known as the Totternhoe Stone has been

used in the interiors of churches. Flints from the

Upper Chalk are also used for buildings in Norfolk

and elsewhere
; they are also utilised for road-metal

and in the manufacture of glass, china, and porcelain.

The soils of the Cretaceous rocks, like those of

the Jurassic beds, naturally present considerable

variations. The Hastings Sands give rise to light,

sandy soil, though a better quality of soil exists over

these beds in the district to the south-east of

Tunbridge Wells, where hops are grown.
The soil furnished by the Weald Clay is a stiff,

clayey soil, usually poor, except when covered by

superficial deposits of gravel. Hops are also grown

upon the soil overlying the Weald Clay.

The lowest division of the Lower Greensand,

known as the Atherfield Clay, may be looked upon
as a continuation of the Weald Clay so far as its soil

is concerned.

The other divisions are sandy in the Wealden dis-

trict, and usually furnish light soils, though these

vary greatly in their degree of productivity. The

uppermost division (the Hythe beds) furnishes the
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most fertile soil, and nearly all of the hop gardens
of the Maidstone district are situated upon it.

The development of Lower Cretaceous rocks, from

Oxfordshire to Norfolk, is responsible for soil of

great sterility, on which little can be grown save

Scotch firs, but the sand of these rocks when washed

into the alluvial deposits of the valleys causes the

soil to be extremely productive.

The soil of the Gault is usually unproductive,

though well fitted for pasture land. Owing to the

clayey character of the soil and the prevailing flat-

ness of the land, the ground is often marshy.
The Upper Greensand supplies soil of great

fertility. Hops grow well on it, and its crops of

wheat are excellent.

The chalk is characterised as a rock by its short,

sweet herbage, well adapted for sheep-grazing, where

the rock rises into downs and wolds. The lower

ground occupied by chalk, and especially by the

argillaceous chalk marl, is largely arable land, and

much of the chalk land which is under the plough is

really covered by glacial drifts or alluvia. Beech

trees grow upon the chalk in great profusion in

many places.

Some parts of the Upper Chalk, especially where

glacial action has not modified the surface, are

covered by an accumulation of material which is

the insoluble residue of the chalk removed by per-

colating water. This residue is known as clay-with-

flints, and often consists of little else than a mass of

broken flints. Little will grow on it, though in

places it has been made to yield good root crops.
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The fauna of the Cretaceous rocks resembles that

of the Jurassic rocks in many respects. Belemnites

and ammonites are abundant, and extinct groups
of reptiles are also strongly represented.

The chalk contains a considerable number of

the group of fossils known as echinids, or popularly
as sea-urchins, one of which {Ananchytes ovatus) is

B

FIG. 101.

Ananchytes ovatus.

A = Upper, B = Lower surface.

a = Ambulacral ^

i Interambulacral J
a

The oral and anal apertures are seen in B.

shown in Fig. 101, in order to illustrate the characters

of these organisms.

The tests of these creatures, though actually ex-

hibiting bilateral symmetry, have an apparent radial

symmetry. The test is usually globular or heart-

shaped. It consists of two parts an assemblage of

small plates on the summit, known as the apical

disc, and the rest known as the corona. The
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structure of the apical disc is not often easily made
out

;
it usually consists of a ring of ten plates, five

inner and five outer ones.

The corona is usually formed of twenty rows of

plates, extending from the summit of the test towards

the opposite pole. These rows are arranged in pairs,

a row of pairs of broad plates alternating with one

of narrow plates. The former are termed inter-

ambulacral, and the latter ambulacral areas. The

plates of the ambulacral areas are perforated. The

junction of the plates in the centre of each row forms

a zigzag line, as shown in the figure. The plates

are furnished with elevated tubercles, to which were

attached spines, though the spines are usually absent

in the case of the fossil tests, being, however, fre-

quently found separate.

The echinids are divided into two groups the

regular and irregular echinids. All the echinid tests

possess two orifices, an oral and an anal opening. In

the regular urchins the anal aperture is always on

the summit of the test, within the apical disc, and

the oral aperture at the opposite pole. The tubercles

on the interambulacral plates especially are large and

often perforated. The whole test usually approaches

very closely to radial symmetry. The genus Cidaris,

whose remains are somewhat rarely found in the

chalk, belongs to the regular group.
In the irregular group the test usually approaches

radial symmetry in a much less marked degree. The
anus is always outside the apical disc, while the

mouth may be central or excentric. The tubercles

of these urchins are usually minute.
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Fig. 1 01 represents the test of an irregular urchin.

The following is a list of some of the Cretaceous

fossils :

Spondylus spinosus .

Ananchytes ovatus .

Holaster subglobosus
Belemnitella mucronata

Terebratula biplicata

Ammonites rostratus

Exogyra sinuata

Gervillea anceps
Unio valdensis

Lepidotus Mantelli .

Chalk.

Gault.

Lower Greensand.

Wealden.



CHAPTER XX

THE TERTIARY ROCKS

IF
we leave the Quaternary deposits out of

account, we shall find that the Tertiary rocks of

Britain are developed in three principal areas, viz.

the London Basin and East Anglia, the Hampshire
Basin, and the north-east of Ireland and western

isles of Scotland.

The Lower Tertiary rocks of the London and

Hampshire basins are separated by the Wealden

anticline, and there is no doubt that before the fold-

ing occurred Tertiary beds once covered the Cre-

taceous rocks of the intermediate country. These

Tertiary rocks rest upon the chalk with an uncon-

formable junction, which has been emphasised owing
to underground solution of the surface of the chalk

after the deposition of the Tertiary strata.

THE EOCENE STRATA
The beds of the Eocene strata are chiefly incoherent

sands and clays, with some marls and thin lime-

stones, the latter being confined to the Hampshire
Basin. Some writers separate the higher beds of the

Hampshire Basin from the Eocene, and place them

in a separate division, the Oligocene, but it will be

288
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convenient if we retain them in the Eocene division.

The beds may be classified as follows :

Fluviomarine beds of the Hampshire Basin.

Upper Bagshot Sands.

Barton Clay.

Bracklesham Beds.

Lower Bagshot Sands.

London Clay.

Lower London Tertiaries.

In the London Basin the Lower London Tertiary

beds form a narrow strip around the basin. They
are therefore of no great importance to us. They
consist of variable series of pebble beds, sands, clays,

and marls.

The most extensive deposit of the London Basin

is the London Clay. It is a stiff brown or bluish clay

of marine origin, though doubtless deposited at the

mouth of a large river.

The higher Eocene beds of the London Basin are

usually spoken of as the Bagshot beds, for the Barton

and Bracklesham type of deposit is not found, and

the series consists essentially of yellow sands with

occasional clays. These Bagshot beds cap the hills

of the neighbourhood of Brentwood, and also those

of Harrow, Highgate, Hampstead, and others near

London, but the most extensive development is

further west in north-west Surrey and Berkshire.

In the Hampshire Basin, which is continued in the

north part of the Isle of Wight, the Lower London

Tertiary beds are poorly developed. The London Clay
is found over a considerable area in Hampshire and

u
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Sussex, though it is sometimes represented by sand-

stones, as at Bognor. The Bracklesham and Barton

beds, which are intercalated between the Lower and

Upper Bagshot Sands of the basin, are clays with

numerous fossils. A patch of beds of Lower Bag-
shot age occurs on the flanks of Dartmoor. These

beds are known as the Bovey Tracy beds, and con-

tain lignites.

The Fluviomarine series is found in the north of

the Isle of Wight and in the New Forest. As the

name indicates, the beds are partly of marine and

partly of fresh-water origin.

In the Scotch and Irish area the Tertiary rocks

are of very different character, consisting of volcanic

rocks with intercalated lignites, sands, and clays.

The volcanic rocks are sometimes fragmental, but

consist essentially of widespread flows of basaltic

lava, which are familiar to all as occurring at the

Giant's Causeway, in the Isle of Staffa, and else-

where.

Among the economic products of the Tertiary

beds we may mention clay for the formation of

bricks. The London Clay is well adapted to this

purpose, and among other clays so used are those

of the Lower London Tertiaries near Reading. The

clays of the Lower Bagshot beds of the Hampshire
Basin furnish potter's clay and pipe-clay.

The marls of one of the lowest divisions of the

Fluviomarine beds of Hampshire, viz. the Lower

Headon beds, have been utilised for marling the

land.

The soil supplied by the London Clay is usually
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stiff and sometimes loamy. It makes good pasture

land, and when marled yields good corn crops.

Timber grows profusely on this soil in many places.

The Bagshot Sands give rise to a very unpro-
ductive soil, largely occupied by heaths and fir

plantations.

As the Fluviomarine beds are extremely variable,

a great variety of soil arises, from their superficial

disintegration.

The fauna and flora of the Lower Tertiary strata

resemble that of the present day, most of the genera

being now living, though the greater number of the

species are extinct. As the deposits are chiefly of

shallow-water origin, the fauna is essentially molluscan,

gasteropods and bivalve lamellibranch shells predomi-

nating. It is hardly necessary to describe the

structure of these shells, as the student may easily

see the principal structures of a gasteropod by ex-

amining specimens of the snail, periwinkle, and

whelk, and those of the bivalves by inspection of

oyster, cockle, and mussel.

The nature of the aperture, and the angle of the

apex of the gasteropod, are important in distinguish-

ing genera, and for the same purpose the internal

structures of the bivalve shell, as the nature of the

hinge-teeth, must be considered.

The following are some of the fossils of the Eocene
beds :

Planorbis euomphalus . ] . ^> ,

} Fluviomarine Beds.
Limnaea longiscata . J

Crassatella sulcata . ) ^ ^ ,

> Barton Beds.
Murex asper .

N
;

. J
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Nummulites . ) T) , , ,

\ Bracklesham Beds.
Conus deperditus . . J

Pectunculus brevirostris ) T , ^,
} London day.

Voluta nodosa . . J

Cyrena cuneiformis . ) Lower London Tertiary
Melania inquinata . j Beds.

Fishes, reptiles, and mammals are also found in

many of the strata both in the London and Hamp-
shire basins.

THE MIOCENE PERIOD

No beds of this age are known in the British Isles.

This was a period of great earth-movement in our

area, when the Secondary and Lower Tertiary beds

received their present inclination, and the sea areas

were converted into land. The British Isles as land

may be said to have originated in Miocene times,

and as the result of the uplift much denudation also

occurred. Other changes have taken place since, but

little of our island has been submerged for any length

of time, and accordingly the Upper Tertiary marine

strata have a very limited distribution.

THE PLIOCENE BEDS

The principal Pliocene strata are found in East

Anglia, mainly in Norfolk and Suffolk. They are

thin, shelly deposits, occurring in scattered patches,

usually spoken of as
'

crags.' For our purpose a

division into Upper Crags and Lower Crags will be

sufficient.

The Lower Crag or Coralline Crag consists of cal-
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careous shelly sands with a considerable proportion
of carbonate of lime, found in Suffolk. At its base

in places is a bed containing nodules of phosphate of

lime.

Of the Upper Crags the oldest member, the Red

Crag, occurs in Suffolk and Essex. It is a red

quartzose sand, sometimes shelly, but much less

calcareous than the Coralline Crag. An important
bed of phosphate nodules is found at its base.

In Norfolk the Upper Crags are found near

Norwich and near the coast. They consist chiefly

of sands with shelly patches, though at Cromer

carbonaceous deposits are found forming part of the

Cromer Forest series.

The beds are so variable, and their lateral spread
so limited, that any description of the soils produced

by them would be of no general value.

The shelly clays have been extensively used for

marling the land.

Among the Pliocene fossils we may note :

Littorina. littorea and other common
-j

Norwich

living molluscs . . . ./ Crag.

Fusus (Chrysodomus) contrarius (al . ~' v

f Red Crag,
reversed gasteropod) . . .'

Terebratula grandis . . .

^
Coralline

Astarte Omalii / Crag.

THE QUATERNARY ACCUMULATIONS
The Quaternary beds may be classified as (i) glacial

and (ii) post-glacial.

The glacial accumulations are found north of a line
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drawn from the mouth of the Thames to the Bristol

Channel. In this area their distribution is only

partial. They often form thick coverings over the

low ground, though they have been frequently cut

through by the rivers, and are absent from the valley

sides and floors. In upland regions, on the contrary,

they are most developed in the lower parts of the

valleys, while the hilltops and upper slopes are bare

of glacial materials.

The nature of the deposits also varies greatly.

Boulder-clays consisting of stiff clays with glaciated

boulders predominate, but considerable tracts of

sandy material also occur. The distribution of the

clays and sands can only be found by careful study
of each area, though it is now indicated upon the

drift-maps published by the Government Geological

Survey.
The glacial deposits, being so frequently formed

of clay, usually give rise to a stiff soil. As this soil

has been derived from so many materials, it differs

greatly as regards fertility. In the eastern counties

of England the greater part of the boulder-clay

belongs to the accumulation known as great chalky

boulder-clay, as it has much chalky material associ-

ated with it, and also contains boulders of this rock.

It is often very fertile, and yields good crops of wheat

and barley. In the hill districts, however, a great

deal of the ground occupied by boulder-clay is waste

land largely of a rushy nature.

Of post-glacial deposits, the more important are

the various alluvia, rainwash, and blown sands. The

nature of these deposits has already been considered
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in the earlier portion of this work, and need not be

further discussed. There is one post-glacial accumu-

lation, however, which requires further notice than

has been given to it in the preceding pages, namely,
the peat.

It has already been seen that there is every grada-

tion, from soils containing little vegetable matter

to those in which the vegetable matter occurs in

larger percentage than that composed of mineral

particles. The peats of temperate and higher lati-

tudes contain this large percentage of humus, the

inorganic ash being sometimes only two or three per
cent, of the whole substance, though it is usually

greater than this. Peat also contains a considerable

quantity of water. The upper parts of peat accumu-

lations have undergone less change than the lower

parts, and retain the structures of their component

vegetation to a greater extent.

Peat-growth occurs in cool or cold, moist climates,

where there is a lack of natural drainage, owing to

impervious rock beneath, and to slight slope of

ground, as in the English fenland, or to obstruction

of drainage by some obstacle, as in mountain peats.

Some of the fenland peats have been claimed to be

due to forest growth, but Mr. Skertchley has shown
that the periods of forest growth were marked by
cessation of peat-formation, and that the peats of the

fenland, like those of hilly regions, are due to swamp
vegetation. The fenland peat is largely composed
of the remains of aquatic herbaceous plants ;

that of

the Irish bogs contains much Sphagnum, and many
of the hill-peats contain heath, sweet-gale, and other

plants in abundance.



CHAPTER XXI

WATER-SUPPLY

OF the rain which falls upon the surface of the

ground some flows on this surface to the rivers

and is carried to the sea, while the rest soaks into

the ground.
1 The amount which is taken up by the

ground depends, other things being equal, upon the

permeability of the materials which form the upper

part of the land. We thus speak of rocks as being

pervious or impervious, though these terms are used

relatively, no rock being absolutely impervious to the

passage of water. Clays are the principal rocks which

are relatively impervious, while sands and limestones

are relatively pervious.

Should the ground be practically flat, the underlying
materials must eventually become saturated, and the

surplus water will then gradually soak away seaward

or be restored to the atmosphere by evaporation ;
but

when the ground is uneven, the rain which has been

absorbed at a higher level may appear at the earth's

surface again at a lower level in the form of springs.

The conditions which are most favourable for the

existence of springs may be best illustrated by means

of a diagram (Fig. 102), it being, of course, understood

that the rainfall of the district is sufficient to furnish

a supply of water.

1

Except that which is evaporated.

296
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The figure represents a cross-section through a

hill of which the upper part is composed of sand-

stone indicated by the dotted portion, while the lower

portion marked by the continuous lines is formed

of clay. The strata are drawn with a slight dip

towards the east, though this is not necessary for the

production of springs ;
such a dip does, however,

produce certain noteworthy occurrences, which will

be discussed immediately.
If we suppose that the hill at the outset contained

no water, and that after rainfall water was absorbed

FIG. 102.

SECTION SHOWING FORMATION OF SPRINGS.

by the sandstone, this water would gradually work

its way down the sandstone along the interstices

between the component grains as well as through

fissures, such as joints. When it came to the im-

pervious clay, which it could not penetrate, it would

proceed along the line of junction between sand and

clay, and would, with the conditions represented in

the diagram, flow, in the first place, downward in an

easterly direction to s, where it would come to the

surface. A general soaking of water along the line

of outcrop of the plane of stratification separating

the sandstone from the clay might then take place
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on the eastern slope of the hill, but some cause

conducive to easy escape of the water, such as a

prominent joint-plane running through the sand-

stone down to its junction with the clay, would

probably account for the issue of water in greater

quantities at certain points along the outcrop of the

eastern slope, giving rise to springs at intervals.

Such a spring, then, may be supposed to exist at s.

Owing to capillarity and friction the water will take

some time to soak through the sandstone and issue

at a lower level, and accordingly if more rain should

fall before the products of the last fall have escaped,
the level of the water will rise to an appreciable

degree above the plane of stratification which separ-
ates sandstone from clay, and the sandstone below

this will be saturated with water.

As more and more water is added, the saturated

portion of rock will become more and more extensive,

and at last the upper surface of this saturated

rock will reach the ground at s, where springs
will then be formed.

The upper surface of this saturated portion will

not be a plane surface parallel with the plane of

stratification, but a curved surface rasing from s s' in-

ward, for the water escapes more rapidly from the parts

adjoining the outflow than from parts which are more

remote from it. The dotted line in the figure shows

the upper limit of such a curve of saturation, or water-

table, as it is sometimes termed. This curved surface

will fluctuate with the seasons, rising in wet seasons

and sinking in times of drought ;
at the latter times

the springs along s' may cease to flow, but will renew

their outflow when a wet period follows.
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Intermittent springs are often found, especially

in chalk districts, at a somewhat higher level on a

hillside than that of the outcrop of the junction of

the impervious and pervious beds. These springs run

in wet weather owing to the rise of the curve of

saturation until it reaches some weak spot at a

higher elevation than that of the normal springs

along the junction. They often flow in winter only ;

hence the name Winterbourne, which is applied to

many villages which grow up around springs of this

character.

Should the water from a pervious deposit of limited

area be extensively drawn upon by sinking wells, it

is evident that unless the supply of rain is sufficient

to restore the water which is thus abstracted, the

saturation surface will be permanently lowered and

the available water-supply be eventually exhausted.

It is also evident that the surface of water in such

wells will coincide with the point at which the well cuts

the curve of saturation, and that it must be raised

to the surface by artificial means.

In certain conditions, however, a supply of water

may be obtained which comes to the surface and

in some cases actually rises above it in the form

of a fountain. When these conditions exist, wells

are sunk to obtain the water, and these wells are

termed artesian wells, from the province of Artois,

in France, where they have long been used for water-

supply.

Fig. 103 represents the conditions which allow of

the successful boring of artesian wells. The pervious

beds ck, which may be taken to represent chalk, lie
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between two groups of impervious clays c, c. The
chalk rises into hills when it crops out at the surface,

while a valley v is excavated in the upper clay, but

does not cut down to its base. The rain which falls

on the chalk hills is absorbed, and gradually works

to the lower part of the chalk at the bottom of the

geological basin represented in the diagram. This

water cannot escape, and if the rainfall be sufficient,

the surface of saturation will continue to rise until

FIG. 103.

SECTION SHOWING CONDITIONS FAVOURABLE TO
SINKING ARTESIAN WELLS.

c = Clays. c/t = Chalk. v= Valley. ss= Saturation-lines.

a a = Artesian wells.

it coincides with the junction of the chalk and upper

clay, where those strata reach the ground, and forms

curves in the chalk below the tract where this rock

crops out at the surface, as shown by the dotted lines

in the figure. At s s . . . ordinary surface springs

will be formed, but the water cannot rise in the

valley, owing to the impervious upper clay. If this

be tapped by a well, however, the water, owing to

hydrostatic pressure, will rise in the well and may
spout up at the surface to a height a little below that
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of the curve of saturation, where the surface springs

exist : a, a in the figure represent two artesian

wells of this type.

The Thames Valley at London is in an area of

which the geological structure is similar to that above

described. Below the river gravels of the Thames
is the great mass of London Clay. Beneath it is

chalk, and at the bottom of the chalk are other clays,

the chalk marl, and the Gault. The water which falls

on the hills of Hertfordshire and Essex to the north,

and on the North Downs to the south of the Thames

Valley, sinks into the chalk, which, besides being

porous, is penetrated by numerous fissures, and when

the London Clay is pierced the water rises. Owing
to the great consumption of water in London, the

saturation curve is being gradually lowered, and this

source of supply must be eventually exhausted. The

question of the water-supply for London is, indeed,

already an acute one.

Fig. 104 represents other conditions suitable for

the sinking of artesian wells, where, instead of a

basin, strata are found to be inclined in one direc-

tion, the pervious strata as before being situated

between two groups of impervious strata
;
but the

pervious strata are cut off underground by a fault,

which has caused them to abut against impervious
strata. The conditions which are favourable for the

existence of natural springs are also often suited for

the occurrence of landslips. In Fig. 102 landslips

will be apt to occur on the side of the hill repre-

sented to the right of the figure, where the strata

are dipping towards the surface at the outcrop, and
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not on the left hand, where they are inclined away
from the surface. The tendency to landslips is in-

creased by addition of water, partly because the

water lubricates the surface of the impervious strata,

thus diminishing the friction
; partly, also, because

the addition of water to the permeable strata adds to

their weight. Landslips accordingly are especially

FIG. 104.

SECTION OF FAULTED STRATA SHOWING CONDITIONS
FAVOURABLE FOR ARTESIAN WELL.

f= Fault. AA = Shaft of well.

apt to take place after a prolonged spell of wet

weather. If the slope of the ground be artificially

increased where the conditions favourable to land-

slips naturally exist, the tendency to slipping will

also be increased. In making road-cuttings, there-

fore, if it is equally convenient to take the road on

either side of a hill such as that represented in

Fig. 102, the road-cutting should be made on the

west side of the hill, and not on the east side.



WATER-SUPPLY 303

The water-supply of our own country is naturally

yielded, to a large extent, by the beds of those

geological systems which contain a considerable

amount of pervious rock, such as sandstone and

limestone. The water furnished by sandstone is

usually soft, that yielded by limestone hard, though
some of the sandstones which contain sulphate of

lime yield a permanently hard water, which cannot

be rendered soft by boiling, whereas the water of

limestone beds is temporarily hard, as the soluble

bicarbonate of lime is converted into the insoluble

carbonate when the water is boiled.

We may now proceed to consider the water-bearing

capacity of the different strata of our island in the

order of their antiquity.

The Lower Palaeozoic strata and the igneous rocks

which are so frequently associated with them are to

a considerable degree impervious, and the same may
be said of other igneous rocks. Where sandstones

occur in the Lower Palaeozoic strata, a supply of water

may be obtained by well-sinking, but as these strata

are often highly indurated, and the physical conditions

of the regions occupied by these rocks are often

favourable to .the formation of natural and artificial

reservoirs, the water-supply is usually obtained from

the surface. Indeed, as the supply derived from be-

neath the ground in districts occupied by newer rocks

becomes exhausted, the large towns situated upon
these rocks are often compelled to obtain their water

from distant sources
;

thus Manchester is supplied
from Lake Thirlmere in Cumberland, Liverpool from

the artificial Lake Vyrnwy in North Wales, and
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Birmingham from the Rhayader Valley ;
and other

towns are also being driven to obtain their supply in

a similar manner.

In the Devonian system the rocks of Old Red
Sandstone type furnish an abundant water-supply.

Many of the Carboniferous beds are very pervious,

and furnish abundant water. The rain is stored up
in the fissures of the Mountain Limestone, and

abundant springs of hard water issue from this forma-

tion. The sandstones and gritstones of the millstone

grit and coal-measures also furnish an abundant water-

supply to many towns of those districts which are

situated upon them, though the larger towns of these

districts have also been compelled to resort to reser-

voirs for the storage of water.

The rocks of New Red Sandstone age, especially

those belonging to the Triassic system, furnish an

excellent supply of water. The Bunter Sandstone is

very pervious, and the same is the case with the

Keuper Sandstone, and also with a group of sand-

stones intercalated with the Keuper marls, and known

as Waterstones, though the marls themselves are

essentially impervious. The gypsum in the Keuper
Sandstones renders the water especially adapted for

brewing purposes ;
hence the important breweries of

Burton-on-Trent.

The calcareous and arenaceous members of the

Jurassic deposits, as some of the Lower Oolites, and

the Corallian rocks furnish much water in many
localities, though the great clays, as the Lias, Oxford,

and Kimmeridge clays, are largely impervious.

The Cretaceous beds contain many porous strata,
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of which the principal are the Lower Greensand and

the Chalk, and to a less degree the Upper Greensand.

It has already been stated that the value of the chalk

as a water-bearing deposit is due, not merely to its

porosity, but to the number of fissures which exist

in it. .When these fissures are tapped, a specially

copious supply of water, is furnished.

The sandy Tertiary beds also supply water. In

the South of England the Bagshot Sands are locally

important as a source of water-supply.
The variation in the characters of the glacial

deposits is so great, and the changes take place
so irregularly, that no definite statement can be made
as to the likelihood of water being found in any
particular place, for sandy beds may occur below

boulder-clays in many places without giving signs
of their presence upon the surface.

The alluvial gravels have been largely used for

local water-supply in former times. As the towns

stand on these pervious rocks without the existence

of any impervious layer above, the water of these

gravels is frequently contaminated by sewage, and
is therefore unfit for drinking purposes ;

and indeed

this is the case to some extent with deeper-seated
sources of water-supply, where large towns are situ-

ated upon the pervious strata, for it has been proved
that sewage filters through these strata for long
distances from the spot where it has entered the

ground.
The soil itself is a more or less porous accumula-

tion, and may be charged with water, which is, for

agricultural purposes, in excess, or is, on the contrary,
x
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insufficient. In the latter case irrigation must be

resorted to, though this is seldom adopted in our

country, except in the case of water meadows, where

the water is introduced from a river through channels

and carried back into the river at a lower level.

When there is excess of moisture the excess must

be removed. This excess may be due to two causes,

viz. to water rising from underground, and to rain-

water being unable to penetrate the ground owing to

the existence of impervious material below.

The first case often occurs along the line of junction

of an overlying pervious and underlying impervious

stratum, or set of strata, where the conditions are

favourable for the formation of springs. These springs,

as already stated, rise at points along the outcrop,

where the conditions are favourable to a copious

discharge. In the intervals the water soaks slowly

through the soil and renders it marshy. In such cases

wells must be sunk into the pervious rock, and the

water which rises in these wells must be carried off

by means of drains.

When the soil is too wet, owing to the existence of

impervious material beneath it, the soil must be

drained. The soil, like other pervious materials, has

an upper limit of saturation, which may reach the

surface. By drainage this saturation plane is lowered

and the surface thus rendered drier.



CHAPTER XXII

MATERIALS DERIVED FROM ROCKS WHICH
ARE USED FOR IMPROVING SOILS

OF
the materials which the rocks of the earth's

crust yield, some are useful for producing

changes in the physical conditions of the soil, while

others directly furnish food for the plants.

It would be out of place to describe at great length

in the present work the mode of occurrence of the

various products which have been or are utilised for

improving the soil, for such knowledge would be of

little practical utility. It will not be amiss, however,

to give a short account of the conditions under which

some of these products occur, especially those of the

British Isles.

We have seen that sand, clay, and lime are the

principal inorganic constituents of the soil, and a soil

which contains a deficiency of these constituents, for

any particular purpose may, of course, be enriched by
its addition. It is often found advisable to add lime

or clay to natural soils. Lime is derived from the

calcination of natural limestones, which causes the

expulsion of the carbon dioxide (carbonic acid

gas). Any limestone may be utilised for this purpose
if sufficiently pure. The principal limestones which

307
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are so employed in Britain are those of the Devonian,

Carboniferous, Jurassic, and Cretaceous systems.

Marling is also for the purpose of adding to the

original constituents of the soil. It has already been

pointed out that marl, in the strict sense of the term,
is a mixture of clay and lime, and thus both these

substances are added to the soil when this marl is

applied. Marls are developed in the Jurassic and
Cretaceous rocks of Britain, and to some extent

among the Pleistocene "
Crags

"
of East Anglia. The

frequent occurrence of shell -marls at the bases of

peat bogs marking the sites of former lakes has

already been described.

The term marling is sometimes applied to the

addition of clay devoid of any intermixture of lime.

Light soils are improved by marling of this character,

as, for example, the soils above the Triassic and
Lower Cretaceous sandstones.

On a large scale clay may be added in lowland

regions by a process of warping. Natural warping
takes place along the lower course of the Nile, and

artificial warping is extensively conducted in the

north-west of Lincolnshire. The area is divided into

tracts which are flooded by water conveyed from the

rivers. The process takes about three years to com-

plete, the water being conveyed to each tract twice a

day for some ten days in each of the summer months.

The silt is deposited from the water, and forms a

rich soil in the place of the poor peat which it

covers.

Among other natural products of the rocks which

improve the soils may be mentioned various nitrates,
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sulphates, chlorides, and phosphates of the alkalies or

alkaline earths. Some of these must undergo various

treatments after their extraction before they can be

used.

Nitrate of soda is found as a superficial accumula-

tion in the desert tracts of several regions, especially

of Peru and Chili.

Chloride of sodium (common salt) is found in the

rocks of many regions which were deposited during

periods of great evaporation of inland lakes. Among
the best known of these are those associated with

the Keuper marls of Cheshire and the Pliocene de-

posits of Poland.

Gypsum (sulphate of lime) is often an accompani-
ment of rock-salt. It is found in many places in

England among the Permian and Triassic rocks.

Kainite (chloride of potassium, with sulphate of

magnesium and water), which has been extensively

utilised as a manure, occurs with deposits of rock-

salt and gypsum in the rocks of Triassic age at

Stassfurt, in Germany. Like rock-salt and gypsum,
it occurs in the form of beds interstratified with de-

posits of mechanical origin, and with other chemical

precipitates of varying composition.

Lastly, we must notice various deposits of phos-

phate of lime. This substance is found among the

crystalline schists of various regions, as Canada, where

it is doubtless of inorganic origin. It also occurs,

however, associated with various sediments, its

existence in these being due to the agency of

organisms. It is usually found in the form of

irregular rounded nodules or grains of concretionary
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origin. These vary in colour, being usually different

shades of brown, often approaching black. In

Britain the chief deposits of commercial value occur

in the Ordovician, Cretaceous, and Pliocene strata.

Phosphatic nodules of Ordovician age are found

in the highest strata belonging to that system, on

the north side of the Berwyn Hills, in North

Wales. They form black nodules with a superficial

graphitic glaze, in a matrix of calcareous mudstone

belonging to the Bala series. As no vertebrates occur

in these rocks, the presence of the phosphate has

been ascribed to the agency of trilobites and

brachiopods.

In the Cretaceous rocks phosphatic nodules are,

or have been found in some quantity in the Lower

Greensand, Gault, and Chalk.

The Lower Greensand nodules have been chiefly

worked in a strip of country extending from Bletchley

to the north of Cambridge, the chief pits having
been excavated at Brickhill, Potton, and Wicken

near Cambridge. They are usually of a yellow-

brown colour, and frequently exhibit casts of

fossils.

The Gault phosphatic nodules have been worked

in Buckinghamshire. They occur especially in the

Upper Gault, and are of a black colour.

The chalk phosphates occur at different horizons.

At the base of the Cambridge chalk a thin, pebbly

deposit known as the Cambridge Greensand con-

tained abundant phosphatic nodules of a brown or

blackish colour. Many of these were derived from

the Upper Gault, which is here denuded, its phos-
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phatic nodules remaining as pebbles in the beach

deposit forming the base of the chalk.

In the Upper Chalk, near Taplow, a deposit rich in

phosphate of lime has been discovered, the phosphate

being disseminated in certain beds in the form of

small brown grains.

Phosphatic nodules are found at the base of several

of the Pliocene deposits, as the Coralline Crag, the

Red Crag, and the Norwich Crag. Those at the

base of the Red Crag have been extensively worked.

They occur as brownish nodules in shell-bearing

sands.

In addition to these ancient phosphatic deposits,

which were doubtless formed owing to the abundance

of reptiles and fishes in the sea when the deposits

were being laid down, we may notice certain terrestrial

accumulations of phosphate of lime of recent origin,

due directly or indirectly to the droppings of sea-

birds. The Peruvian guano is the best-known of

these, though they are also found in several other

tracts where the rainfall is slight. In addition to the

actual accumulations of droppings, phosphates may be

developed in the underlying rocks by addition from

above
;
thus we find that in some regions coral lime-

stone has been phosphatised in this way, and in one

case a trachytic lava has been converted into a rock

rich in phosphates by a similar process.
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MESSRS. METHUEN-S
ANNOUNCEMENTS

H
BY COMMAND OF THE KING

THE CORONATION OF EDWARD VII. By J. E. C.

BODLEY, Author of France.' Demy &vo.

This important book is the official history of the Coronation, and has been written

by the distinguished author of '

France,' by command of the King himself. The
Coronation is the central subject, and of it a detailed account is given. But
the book is in no sense an occasional volume, and the Ceremony is treated, not
as an isolated incident, butas an event belonging to European and Imperial history.
At the end of the work there will be an appendix containing official list of all the

persons invited to the Abbey, and also lists drawn up with some historical detail of
the Colonial and Indian troops who assisted at the Ceremony. It will therefore be
an historical document of permanent value and interest.

THE COMPLETE WORKS OF CHARLES LAMB. Edited

by E. V. LUCAS. With numerous Illustrations. In Seven Volumes.

Demy Svo. 7*. 6d. each.

This new edition of the works of Charles and Mary Lamb, in five volumes (to be
followed by two volumes containing the Letters), will be found to contain a

large quantity of new matter both in prose and verse several thousand words in

all. Mr. E. V. Lucas, the editor, has attempted in the notes, not only to relate

Lamb's writings to his life, but to account for all his quotations and allusions

an ideal of thoroughness far superior to any that previous editors have set before
themselves. A Life of Lamb by Mr. Lucas will follow in the autumn.

THE LIFE AND LETTERS OF OLIVER CROMWELL,
By THOMAS CARLYLE. With an Introduction by C. H. FIRTH,
M.A., and Notes and Appendices by Mrs. S. C. LOMAS. Three

Volumes. 6s. each. [Methuen's Standard Library.
This edition is brought up to the standard of modern scholarship by the addition of
numerous new letters of Cromwell, and by the correction of many errors which
recent research has discovered.

CRITICAL AND HISTORICAL ESSAYS. By LORD
MACAULAY Edited by F. C. MONTAGUE, M.A. Three Volumes.
Crown 8vo. 6s. each. \Methueris Standard Library.

The only edition of this book completely annotated.

A SHORT HISTORY OF FLORENCE. By F. A. HYETT.
Demy 8vo. *]s. 6d.

This work is intended to occupy a middle position between the Guides and Histories
of Florence. It tells the story of the rise and fall of the Republic consecutively,
but more succinctly than the works of Napier, Trollope, or Villari, while it treats
of Florentine Art and Letters parenthetically but more systematically than has
been done by either of these writers.
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DAVID COPPERFIELD. With Introduction by GEORGE
GISSING, Notes by F. G. KITTON, and Illustrations by E. H.
NEW. Two Volumes. Crown 8vo. $s. 6d. each.

[The Rochester Dickens.

THIRTY YEARS IN AUSTRALIA. By Mrs. CROSS (ADA
CAMBRIDGE). Demy 8vo. 7-r. 6d.

A highly interesting account of a generation in Australia by a distinguished
writer. Mrs. Cross's style is picturesque, and the book is more attractive than
many novels. The early difficulties of Australian settlers, life in the towns and
life on the farms are vividly described.

LETTERS FROM A SELF-MADE MERCHANT TO HIS
SON. By GEORGE HORACE LORIMER. Crown 8vo. 6s.

This book is a masterpiece of humour and sound sense. It purports to be a collection
of letters written by J. Graham, head of a great packing company in Chicago, to
his son Pierrepont, and it describes in a racy and interesting form the secrets of
success in business and in life.

WHEN I WAS A CHILD. By AN OLD POTTER BOY.
Crown 8vo. 6s.

A BOOK OF THE COUNTRY AND THE GARDEN.
By H. M. BATSON. Illustrated by F. CARRUTHERS GOULD and
A. C. GOULD. Demy %vo. los. 6d'.

SHAKESPEARE'S GARDEN. By the Rev. J. H. BLOOM.
With Illustrations. Fcap. %vo. 3*. 6d. ; leather, 3*. 6ct. net.

A CONCISE HANDBOOK OF HERBACEOUS PLANTS.
By H. M. BATSON. Fcap. 8vo. 3*. 6d.

A very complete and concise guide in alphabetical order.

THE LAND OF THE BLACK MOUNTAIN. Being a de-

scription of Montenegro. By R. WYON and G. PRANCE. With 40
Illustrations. Crown 8vo. 6s.

A BOOK OF EXMOOR. ByF.J. SNELL, Illustrated. Crown
8vo. 6s.

This book deals with a variety of topics, embracing legend, folklore, dialect, sport,

biography, history, and natural history, and renders accessible to the public a mass
of particulars hitherto attainable only in expensive monographs or in scattered

periodicals. The author has been at immense pains to consult every known source
of information, both printed and oral ; and his aim has been to produce, not so much
a guide-book, but something more satisfying and substantial, viz. an exhaustive
account of the matters in question. There are numerous illustrations.

THE DEVOTIONS OF BISHOP ANDREWES. By F. E.
BRIGHTMAN, M. A., of Pusey House, Oxford. Crown 8vo. 6s.

This elaborate work has been in preparation for many years, and is the most com-
plete edition that has ever been published of the famous devotions. It contains a

long Introduction, with numerous Notes and References.

THE SPIRIT AND ORIGIN OF CHRISTIAN MONASTI-
CISM. By JAMES O. HANNAY, M.A. Crown 8vo. 6s.

THE SATIRES OF JUVENAL. Translated by S. G. OWEN.
Crown 8vo. 2s. 6d. [Classical Translations.

THE ENGLISH SUNDAY. By E. R. BERNARD, M.A., Canon
of Salisbury. Fcap. $vo. is. 6d.
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Xittle Xlbrats
Pott 8vo, cloth , is. 6d. net ; leather, 2s. 6d. net each volume.

ROMANY RYE. By GEORGE BORROW. With Notes and an
Introduction by JOHN SAMPSON.

ESMOND. By W. M. THACKERAY. Edited by STEPHEN
GWYNN.

CHRISTMAS BOOKS. By W. M. THACKERAY. Edited by
STEPHEN GWYNN.

CHRISTMAS BOOKS. By CHARLES DICKENS. Edited by
STEPHEN GWYNN. Two Volumes.

A LITTLE BOOK OF ENGLISH SONNETS. Edited by
J. B. B. NICHOLS.

THE SCARLET LETTER. By NATHANIEL HAWTHORNE.

2ltfcen Sbafcespeare
General Editor W. J. CRAIG.

OTHELLO. Edited by H. C. HART. Demy 8vo. y. 6d.

CYMBELINE. Edited by EDWARD DOWDEN. Demy^vo. 3^.6^.

3Little JBfograpbfes

Cloth, 35. 6d. ; leather, 41. net.

THE YOUNG PRETENDER. By C. S. TERRY. With 12
Illustrations.

ROBERT BURNS. By T, F. HENDERSON. With 12 Illustra-

tions.

CHATHAM. By A. S. M'DowALL. With 12 Illustrations.

TENNYSON. By A. C. BENSON, M.A. With 12 Illustrations.

Fcap* 8vo.

TTbe Xittte <5u(De0
Pott 8vo, cloth, 31. ; leather, $s. 6d*. net.

CORNWALL. By A. L. SALMON. Illustrated by B. C.
BOULTER.

KENT. By G. CLINCH. Illustrated by F. D. BEDFORD.

HERTFORDSHIRE. By H. W. TOMPKINS, F.R.H.S. Illus-

trated by E. H. NEW.

ROME. By C. G. ELLABY. Illustrated by B. C. BOULTER.

Xibrarg of 2>e\>otfon

Pott Svo, cloth, 2s. ; leather, 2s. 6d. net.

GRACE ABOUNDING. By JOHN BUNYAN. Edited by
S. C. FREER, M.A.
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BISHOP WILSON'S SACRA PRIVATA. Edited by A. E
BURN, B.D.

THE DEVOTIONS OF ST. ANSELM. Edited by C. C. J.

WEBB, M.A.

LYRA SACRA : A Book of Sacred Verse. Selected and edited

by H. C. BEECHING, M.A., Canon of Westminster.
.

,

Educational Books
AN INTRODUCTION TO THE STUDY OF TEXTILE

FABRICS AND TEXTILE DESIGN. By ALDRED F. BARKER,
Author of * Pattern Analysis,' etc. With numerous Diagrams and
Illustrations. Demy 8vo.

AGRICULTURAL GEOLOGY. By J. E. MARR, F.R.S. With
numerous Illustrations. Crown 8vo.

MENSURATION. By C. T. MILLIS, M.I.M.E., Principal of
the Borough Polytechnic College. With Diagrams. Crown 8vo.

THE ACTS OF THE APOSTLES. Edited by A. E. RUBIE,
M.A., Headmaster Royal Naval School, Eltham. Crown 8vo. 2s.

[Methuen'sJunior School Books.

A JUNIOR FRENCH GRAMMAR. By L. A. SORNET and
M. J. ACATOS, Modern Language Masters at King Edward's School,

Birmingham. [Methuen*sJunior School Books.

THE STUDENTS' PRAYER BOOK. PARTI. MORNING
AND EVENING PRAYER AND LITANY. Edited by W. H.

FLECKER, M.A., D.C.L., Headmaster of the Dean Close School,
Cheltenham. Crown 8vo. 2s. 6d*

Fiction

LORD LEONARD THE LUCKLESS. By W. E. NORRIS.
Crown 8vo. 6s.

THE BETTER SORT. By HENRY JAMES. Crown Svo. 6s.

ANTHEA'S WAY. By ADELINE SERGEANT. Crown %vo. 6s.

OUTSIDE AND OVERSEAS. By G. MAKGILL. Crown
8vo. 6s.

THE SQUIREEN. By SHAN. F. BULLOCK. Crown*. 6-r.

AUNT BETHIA'S BUTTON. By J.RANDAL. CrownZvo. 6s.
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LOVE IN A LIFE. By ALLAN MONKHOUSE. Crown 8vo. 6s.

A MIXED MARRIAGE. By Mrs. F. E. PENNY. CrownZvo. 6s.

THE SWORD OF AZRAEL, a Chronicle of the Great Mutiny.
By R. E. FORREST. Crown 8vo. 6s.

A FREE LANCE OF TO-DAY. By HUGH CLIFFORD.
Crown 8vo. 6s^

A STRETCH OFF THE LAND. By C. STEWART BOWLES.
Crown 8vo. 6s.

THE KNIGHT PUNCTILIOUS. By ARTHUR MOORE.
Crown 8vo. 6s.

THE POET'S CHILD. By EMMA BROOKE. CrownZvo. 6s.

THE DIVERTED VILLAGE. By GRACE RHYS and
ANOTHER. With Illustrations by DOROTHY GWYN JEFFRIES.
Crown 8v0. 6s.

THE RED HOUSE. By Mrs. E. BLAND (E. NESBIT).
Illustrated. Crown 8vo. 6s.

WORLD'S PEOPLE. By JULIEN GORDON. Crown Zvo. 6s.

THE CYNIC AND THE SYREN. By J. W. MAYALL.
Crown 8v0. 6s.

A BRANDED NAME. By J. BLOUNDELLE BURTON. Crown
8v0. 6s.

SILENT DOMINION. By Mrs. E. W. TRAFFORD-TAUNTON.
Crown 8v0. 6s.

THE MACHINATIONS OF THE MYO-OK. By CECIL
Lowis. Crown 8vo. 6s.

ABRAHAM'S SACRIFICE. By GUSTAF JANSON. CrownZvo.
6s.

PLAIN AND VELDT. ByJ. H. M. ABBOT, Author of * Tommy
Cornstalk.' Crown 8vo. 6s.

BY A FINNISH LAKE. By PAUL WAINEMAN. Crown
8vo. 6s.

A LOST ESTATE. By M. E. MANN. A New Edition.
Crown 8vo. 6s.

THE PARISH OF HILBY. By M. E. MANN. A New Edition.

Crown %vo. 6s.

LITTLE TU'PENNY. By S. BARING-GOULD. A New Edition

Crown 8vo. 6d.
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FOUR NOVELS TRANSFERRED
New Editions. Crown Svo. $s. 6d. each.

TALES OF SPACE AND TIME. By H. G. WELLS.

WHEN THE SLEEPER WAKES. By H. G. WELLS.

LOVE AND MR. LEWISHAM. By H. G. WELLS.

THE INVISIBLE MAN. By H. G. WELLS.

TOe IRoveltst

Messrs. METHUEN are issuing under the above general title a Monthly
Series of Novels by popular authors at the price of Sixpence. Each
Number is as long as the average Six Shilling Novel.

Jan. DRIFT. By L. T. MEADE.

Feb. THE MASTER OF BEECHWOOD. By ADELINE
SERGEANT.

March. CLEMENTINA. By A. E. W. MASON.

April. THE ALIEN. By F. F. MONTRESOR.

May. THE BROOM SQUIRE. By S. BARING-GOULD.

June. HONEY. By HELEN MATHERS.

July. THE FOOTSTEPS OF A THRONE. By MAX
PEMBERTON.

Additional Volumes and Reprints

in. THE INCA'S TREASURE. By ERNEST GLANVILLE.

Reprint.

ix. A FLASH OF SUMMER. By Mrs. W. K. CLIFFORD,
in place of

' The Adventure of Princess Sylvia.'

/iDetbuen's Sfepenns SLfbrari?

New Volumes 1903.

Jan. A STATE SECRET. By B. M. CROKER.

Feb. SAM'S SWEETHEART. By HELEN MATHERS.

March. HANDLEY CROSS. By R. S. SURTEES.

April. ANNE MAULEVERER. By Mrs. CAFFYN.

May. THE ADVENTURERS. By H. B. MARRIOT WATSON.

THE CEDAR STAR. By M. E. MANN.

June. MASTER OF MEN. By E. P. OPPENHEIM.

July. THE TRAIL OF THE SWORD. By GILBERT
PARKER.



A CATALOGUE OF

MESSRS. METHUEN'S
PU BLIC ATIONS

PART I. GENERAL LITERATURE
Jacob Abbot. THE BEECHNUT BOOK.

Edited by E. V. LUCAS. Illustrated.

Square Fcap 8v0. zs. 6d.

[Little Blue Books.

W. F. Adeney, M.A. See Bennett and
Adeney.

JEschylUS. AGAMEMNON, CHOEPHO-
ROE, EUMENIDES. Translated by
LEWIS CAMPBELL, LL.D., late Professor of
Greek at St. Andrews. $s.

[Classical Translations.

G.A.Aitken. See Swift.

William Alexander, D.D., Archbishop of

Armagh. THOUGHTS AND COUN-
SELS OF MANY YEARS. Selected
from the writings of Archbishop ALEX-
ANDER. Square Pott 8v0. zs. 6d.

Aristophanes. THE FROGS. Translated
into English by E. W. HUNTINGFORD, M.A. ,

Professor of Classics in Trinity College,
Toronto. Crown 8vo. vs. 6d.

Aristotle. THE NICOMACHEAN
ETHICS. Edited, with an Introduction
and Notes, by JOHN BURNET, M.A., Pro-
fessor of Greek at St. Andrews. Demy 8vo.

155. net.
1 We have seldom, if ever, seen an edition

of any classical author in which what is held
in common with other commentators is so

clearly put, and what is original is of such
value and interest.

'

Pilot.

J. B. Atkins. THE RELIEF OF LADY-
SMITH. With 16 Plans and Illustrations.
Third Edition. Crown 8v0. 6s.

J. B. Atlay. See R. H. Barham.
St. Augustine, THE CONFESSIONS OF.

Newly Translated, with an Introduction
and Notes, by C. BIGG, D.D., late Student
of Christ Church. Third Edition. Pott
8v0. Cloth, zs; leather, zs. 6d. net.

[Library of Devotion.
' The translation is an excellent piece of

English, and the introduction is a masterly
exposition. We augur well of a series which
begins so satisfactorily.' Times.

Jane Austen. PRIDE AND PREJU-
DICE. Edited by E. V. LUCAS. Two
Volumes. Pott 8z'0. Each volume^ cloth,
is. 6d.; leather, zs. 6d. net. [Little Library.

NORTHANGER ABBEY. Edited by E.
V.LUCAS. Pottlvo. Cloth, is. 6d.; leather,
2S. 6d. net. [Little Library.

Constance Bache. BROTHER MUSI-
CIANS. Reminiscences of Edward and
Walter Bache. With 16 Illustrations.

Crown 8vo. 6s. net.

E. S. S. Baden-Powell, Major-Genera!.
THE DOWNFALL OF PREMPEH. A
Diary of Life in Ashanti, 1895. With 21

Illustrations and a Map. Third Edition.

Large Crown 8z>0. 6s.

THE MATABELE CAMPAIGN, 1896.
With nearly 100 Illustrations. Fourth and
Cheaper Edition. Large Crown 8v0. 6s.

Graham Balfour. THE LIFE OF
ROBERT LOUIS STEVENSON. Second
Edition. Two Volumes. Demy 8vo. z$s.
net.

' Mr. Balfour has done his work extremely
well done it, in fact, as Stevenson himself
would have wished it done, with care and
skill and affectionate appreciation.' West-
minster Gazette.

S. E. Bally. A FRENCH COMMERCIAL
READER. With Vocabulary. Second
Edition, Crown 8v0. zs.

[Commercial Series.

FRENCH COMMERCIAL CORRE-
SPONDENCE. With Vocabulary. Third
Edition. Crown 8vff. zs.

[Commercial Series.

A GERMAN COMMERCIAL READER.
With Vocabulary. Cro^vn 8v0. zs.

[Commercial Series.

GERMAN COMMERCIAL CORRE-
SPONDENCE. With Vocabulary. Crown
8z,0. zs. 6d. [Commercial Series.

Elizabeth L. Banks. THE AUTO-
BIOGRAPHY OF A 'NEWSPAPER
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GIRL. 1 With Portrait of the Author and
her Dog. Crown. 8v0. 6s.

1 A picture of a strenuous and busy life,

perhaps the truest and most faithful repre-
sentation of the ups and downs of a lady
journalist's career ever given to the public.
A very lively and interesting book.' Daily
Telegraph.
'A very amusing, cheery, good-natured

account of a young lady's journalistic

struggle in America and London.' Times.

R. H. Barham. THE IN GOLDS BY
LEGENDS. Edited by J. B.Atlay. Two
Volumes. Pott %vo. Each volume, cloth,
is. 6d. net; leather, vs. 6d. net.

[The Little Library.

S. Baring-GOUld, Author of '

Mehalah,' etc.

THE LIFE OF NAPOLEON BONA-
PARTE. With over 450 Illustrations in

the Text, and 12 Photogravure Plates.
Gilt top. Large quarto. 36^.
'The main feature of this gorgeous

volume is its great wealth of beautiful

photogravures and finely-executed wood
engravings, constituting a complete pic-
torial chronicle of Napoleon I.'s personal
history.' Daily Telegraph.

THE TRAGEDY OF THE CAESARS.
With numerous Illustrations from Busts,
Gems, Cameos, etc. Fifth Edition.

Royal 8v0. i$s.
'A most splendid and fascinating book

on a subject of undying interest. It is

brilliantly written, and the illustrations are

supplied on a scale of profuse magnificence.
'

Daily Chronicle.

A BOOK OF FAIRY TALES. With
numerous Illustrations and Initial Letters

by ARTHUR J. GASKIN. Second Edition.
Crown 8vo. Buckram. 6s.

OLD ENGLISH FAIRY TALES. With
numerous Illustrations by F. D. BEDFORD.
Second Edition. Cr. 8v0. Buckram. 6s.

'A charming volume.' Guardian.

THE CROCK OF GOLD. Fairy Stories.

Crown 8v0. 6s.
' Twelve delightful fairy tales.' Punch.

THE VICAR OF MORWENSTOW : A
Biography. A new and Revised Edition.
With Portrait. Crown 8v0. 35. 6d.

A completely new edition of the well-

known biography of R. S. Hawker.

DARTMOOR : A Descriptive and Historical

Sketch. With Plans and numerous Illus-

trations. Crown 8vo. 6s.
' A most delightful guide, companion and

instructor.
'

Scotsman.

THE BOOK OF THE WEST. With
numerous Illustrations. Two volumes.
Vol. i. Devon. Second Edition. Vol. n.

Cornwall. Second Edition. Crown 8v0.

6s. each.

'Bracing as the air of Dartmoor, the

legend weird as twilight over Dozmare Pool,

they give us a very good idea of this en-

chanting and beautiful district.' Guardian.

A BOOK OF BRITTANY. With numerous
Illustrations. Crown 8vo. 6s.

Uniform in scope and size with Mr.

Baring-Gould's well-known books on Devon,
Cornwall, and Dartmoor.

BRITTANY. Illustrated by Miss J. WYLIE.
Pott Zvo. Cloth, 3S. ; leather, 35. 6d. net.

[The Little Guides.
' A dainty representative of

' ' The Little

Guides."
'

Times.
'An excellent little guide-book.' Daily

News.
OLD COUNTRY LIFE. With 67 Illustra-

tions. Fifth Edition. Large Cr. 8vo. 6s.

AN OLD ENGLISH HOME. With numer-
ous Plans and Illustrations. Cr. 8v0. 6s.

HISTORIC ODDITIES AND STRANGE
EVENTS. Fifth Edition. Cr. 8v0. 6s.

YORKSHIRE ODDITIES AND
STRANGE EVENTS. Fifth Edition.
Crown %vo. 6s.

STRANGE SURVIVALS AND SUPER--
STITIONS. SecondEdition. Cr.8v0. 6s.

A GARLAND OF COUNTRY SpNG:
English Folk Songs with their Traditional
Melodies. Collected and arranged by
S. BARING-GOULD and H. F. SHEPPARD.
Demy tfo. 6s.

SONGS OF THE WEST: Traditional
Ballads and Songs of the West of England,
with their Melodies. Collected by S.

BARING - GOULD, M.A., and H. F. SHEP-
PARD, M.A. In 4 Parts. Parts I., //.,

///., 35. each. Part IV., $s. In One
Volume, French Morocco, 15$.

' A rich collection of humour, pathos,
grace,and poetic fancy.' Saturday Review.

W. E. Barnes, D.D. ISAIAH. Two
Volumes. Fcap. 8v0. ss. net each. Vol. i.

With Map. [Churchman's Bible.

Mrs. P. A. Barnett. A LITTLE BOOK
OF ENGLISH PROSE. Pott 8z>0.

Cloth) is. 6d. net i leather^ vs. 6d. net.

[Little Library.

K. R. N Baron, M.A. FRENCH PROSE
COMPOSITION. Crown Zv0. zs. 6d.

Key, 35. net.

H. M. Barren, M.A., Wadham College,
Oxford. TEXTS FOR SERMONS. With
a Preface by Canon SCOTT HOLLAND.
Crown 8v0. 35. 6d

C. F. Bastable, M.A., Professor of Econ-
omics at Trinity College, Dublin. THE
COMMERCE OF NATIONS. Second
Edition. Crown 8v0 vs. 6d.

[Social Questions Series.

H. M. BatSOn. See Edward FitzGerald.

A 2
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A Hulme Beaman. PONS ASINORUM ;

OR, A GUIDE TO BRIDGE. Second
Edition. Fcap. 8z>0. zs.

W. S. Beard, Headmaster Modern School,
Fareham. JUNIOR ARITHMETIC
EXAMINATION PAPERS. Fcap. 8vo.

is. [Junior Examination Series.

Peter Beckford. THOUGHTS ON
HUNTING. Edited by J. OTHO PAGET,
and Illustrated by G. H. JALLAND. Demy
8vo. IDS. 6d.

William Beckford. THE HISTORY OF
THE CALIPH VATHEK. Edited by E.
DEXISON Ross. Pott 8vo. Cloth, is. 6d.

net; leather, zs 6d. net. [Little Library.

F. D. Bedford. See E. V. Lucas.

H. C. Beeching, M.A. See Tennyson.
Jacob Belimen. THE SUPERSENSUAL

LIFE. Edited by BERNARD HOLLAND.
Fcap. 8vo. 35. 6d.

Hilaire Belloc. PARIS. With Maps and
Illustrations. Crown 8v0. 6s.

H. H. L. BeUot, M.A. THE INNER
AND MIDDLE TEMPLE. With numer-
ous Illustrations. Crown &vo. 6s. net.

' A vast store of entertaining material."

Liverpool Mercury.
'A delightful and excellently illustrated

book ; a real encyclopaedia of Temple his-

tory.' Pilot.

W. H. Bennett, M.A.. A PRIMER OF
THE BIBLE. Second Edition. Crown
8v0. zs. 6d.

'The work of an honest, fearless, and
sound critic, and an excellent guide in a
small compass to the books of the Bible.'

Manchester Guardian.

W. H. Bennett and W. F. Adeney. A
BIBLICAL INTRODUCTION. Crown
8v0. 7S. 6d.

'
It makes available to the ordinary reader

the best scholarship of the day in the field

of Biblical introduction. We know of no
book which comes into competition with it.'

Manchester Guardian.

A. C. Benson, M.A. THE LIFE OF
LORD TENNYSON. With 12 Illustra-

tions. Fcap. 8v0. Cloth, 3-r. 6d. ; Leather,
4s. net. [Little Biographies.

E. M. Benson. THE WAY OF HOLI-
NESS: a Devotional Commentary on the

1 19th Psalm. Crown 8vo. 5*.

M. Bidez. See Parmentier.

C. Bigg, D.D. See St. Augustine, A Kempis,
and William Law.

C. R. D. Biggs, B.D. THE EPISTLE TO
THE PHILIPPIANS. Edited by. Fcap.
8v0. is. f>d. net. [Churchman's Bible.

' Mr. Biggs' work is very thorough, and
he has managed to compress a good deal of

information into a limited space.'
Guardian.

T. Herbert Bindley, B.D. THE OECU-
MENICAL DOCUMENTS OF THE
FAITH. With Introductions and Notes.
Crown 8v0. 6s.

A historical account of the Creeds.

William Blake. See Little Library.
B. Blaxland, M.A. THE SONG OF
SONGS. Being Selections from ST. BER-
NARD. Pott 8vo. Cloth, zs. ; leather, zs.

6d. net. [Library of Devotion.

George Body, D.D. THE SOUL'S PIL-
GRIMAGE : Devotional Readings from
his published and unpublished writings.
Selected and arranged by J. H. BURN,
B.D. Pott 8vo. zs. 6d.

Cardinal Bona. A GUIDE TO ETER-
NITY. Edited with an Introduction and
Notes, by J. W. STANBRIDGE, B.D., late

Fellow of St. John's College, Oxford. Pott
8v0. Cloth, zs. ; leather, zs. 6d. net.

[Library of Devotion.
F. C. Boon, B.A. A COMMERCIAL
GEOGRAPHY OF FOREIGN
NATIONS. Crown 8v0. zs.

Commercial Series.

George Borrow. LAVENGRO. Edited

by F. HINDES GROOME. Two Volumes.
Pott 8v0. Each volume, cloth, is. 6d. net. ;

leather, zs. 6d. net. [Little Library.

J. Ritzema Bos. AGRICULTURAL
ZOOLOGY. Translated by J. R. AINS-
WORTH DAVIS, M.A. With an Introduction

by ELEANOR A. ORMEROD, F.E.S. With
155 Illustrations. Cr. 8vo. 35. 6d.

C. G. Botting, B.A. JUNIOR LATIN
EXAMINATION PAPERS. Fcap. 8v0. is.

[Junior Examination Series.

EASY GREEK EXERCISES. Cr. Boo. zs.

E. M. Bowden. THE EXAMPLE OF
BUDDHA : Being Quotations

_
from

Buddhist Literature for each Day in the
Year. Third Edition. i6mo. zs. 6d.

E. Bowmaker. THE HOUSING OF
THE WORKING CLASSES. Crown
8v0. zs. 6d. [Social Questions Series.

F. G. Brabant, M.A. SUSSEX. Illus-

trated by E. H. NEW. Pott 8v0. Cloth,

3-y. ; leather^, 3$. 6d. net. [Little Guides.
' A charming little book ; as full of sound

information as it is practical in conception.'
A thenaum.

THE ENGLISH LAKES. Illustrated by
E. H. NEW. Pott 8vo. Clcth, 4*. ; leather,

45. >d. net. [The Little Guides.

Miss M. Brddrick and Miss Anderson
Morton. A CONCISE HANDBOOK
OF EGYPTIAN ARCHAEOLOGY.
With many Illustrations. CrownZvo. 3$. 6d.

E. W. Brooks. See F. J. Hamilton.
C. L. Brownell. THE HEART OF
JAPAN. Illustrated. Crown 8vo. 6s.

' These lively pages are full of portraits
from the life.

'

Morning Post.
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'
It is the work of one who has lived in

Japan among the people.' Athenceunt.
'A more readable and interesting book

about Japan has not been written.
'

-Scotsman.

Robert Browning. SELECTIONS
FROM THE EARLY POEMS OF.
With Introduction and Notes by W. HALL
GRIFFIN. Pott 8vo. is. 6d. net. ; leather,
zs. 6d. net. [Little Library.

0. Browning, M. A. A SHORT HISTORY
OF MEDI/EVAL ITALY, A.D. 1250-1530.
In Two Volumes. Crown 8vo. ss. each.

VOL. 1. 1250-1409. Guelphs and Ghibellines.

VOL. ii. 1409-1530. The Age of the Con-
dottieri.

J. Buchan. See Isaak Walton.

Miss Bulley. See Lady Dilke.

John Bunyan. THE PILGRIM'S PRO-
GRESS. Edited, with an Introduction,
byC. H. FIRTH, M.A. With 39 Illustra-

tions by R. ANNING BELL. Cr. 8vo. 6s.

'The best "Pilgrim's Progress.'"
Educational Times.

G. J. Burch, M.A., F.R.S. A MANUAL
OF ELECTRICAL -SCIENCE. With
numerous Illustrations. Crovvn 8v0. 3.?.

[University Extension Series.

Gelett Burgess. GOOPS AND HOW TO
BE THEM. With numerous Illustrations.

Small 4/<?. 6s.

A. E. Burn, B.D., Examining Chaplain to

the Bishop of Lichfield. AN INTRO-
DUCTION TO THE HISTORY OF
THE CREEDS. Demy 8vo. los. 6d.

[Handbooks of Theology.
' This book may be expected to hold its

place as an authority on its subject."

Spectator.

J. H. Burn, B.D., F.R.S.E. A MANUAL
OF CONSOLATION FROM THE
SAINTS AND FATHERS. Pott Zvo.

Cloth, 2S. ; leather, zs. 6d. net.

[Library of Devotion.

Robert Burns. THE POEMS OF
ROBERT BURNS. Edited by ANDREW
LANG and W. A. CRAIGIE. With Portrait.
Second Edition. Demy 8vo, gilt top. 6s.

J. B. Bury, LL-D. See Gibbon.

Alfred Caldecott, D.D. THE PHIL-
OSOPHY OF RELIGION IN ENG-
LAND AND AMERICA. Demy 8vo.

los. 6d. [Handbooks of Theology.
' A lucid and informative account, which

certainly deserves a place in every philo-

sophical library.' Scotsman.

D. S. CalderWOOd, Headmaster of the Nor-
mal School, Edinburgh. TEST CARDS
IN EUCLID AND ALGEBRA. In three

packets of 40, with Answers, is. each. Or
in three Books, price 2^., zd,

t
and $d.

E.F.H.Capey. THE LIFE OF ERASMUS.
With 12 Illustrations. Cloth, 33. 6d. net;
leather, 4$. net. [Little Biographies.

Thomas Carlyle. THE FRENCH
REVOLUTION. Edited by C. R. L.
FLETCHER, Fellow of Magdalen College,
Oxford. Three Volumes. Crown Kvo. 6s.

each. [Methuen's Standard Library.
'This last edition, or annotation, may be

said to be final. It will be impossible to

produce any other in which the notes shall
be more thorough, in which every point will
be more accurately noted, or in which the
correctness of date, locality, and every other
detail will be better preserved. The work
has been done once for all, it cannot be
done again.' Speaker.

R. M. and A. J. Carlyle, M.A. BISHOP
LATIMER. With Portrait. Crown 8vc.

35. 6d. [Leaders of Religion.
C. C. Channer and M. E. Roberts.
LACE-MAKING IN THE MIDLANDS,
PAST AND PRESENT. With 16 full-

page Illustrations. Crown 8vo. zs. 6d.
'An interesting book, illustrated by fasci-

nating photographs.
'

Speaker.
Lord Chesterfield, THE LETTERS OF,
TO HIS SON. Edited, with an Intro-

duction, by C. STRACHEY, and Notes by
A. CALTHROP. Two Volumes. Crown 8vo.
6s. each. [Methuen's Standard Library.

F. W. Christian. THE CAROLINE
ISLANDS. With many Illustrations and
Maps. Demy 8vo. izs. 6d. net.

Cicero. DE ORATORE I. Translated by
E. N. P. MOOR, M.A. Crown 8vo. 3s. 6d.

[Classical Translations.
SELECT ORATIONS (Pro Milone, Pro

Murena, Philippic n., In Catilinam). Trans-
lated by H. E. D. BLAKISTON, M.A., Fellow
and Tutor of Trinity College^ Oxford.
Crown Zvo. $s. [Classical Translations.

DE NATURA DEORUM. Translated
by F. BROOKS, M.A., late Scholar of Balliol

College, Oxford. Crown 8vo. 35. 6d.

[Classical Translations.
DE OFFICIIS. Translated by G. B.

GARDINER, M.A. Crown 8?>0. zs. 6d.

[Classical Translations.
F. A. Clarke, M.A. BISHOP KEN. With

Portrait. Crown 8v0. 3$. 6d.

[Leaders of Religion.
E. H. Coibeck, M.D. DISEASES OF THE
HEART. With numerous Illustrations.

Demy 8vo. izs.

W. G. Collingwood, M.A. THE LIFE
OF JOHN RUSKIN. With Portraits.

Cheap Edition. Crown 8vo. 6s.

J. C. Collins, M.A. See Tennyson.
W. E. Collins, M.A. THE BEGINNINGS
OF ENGLISH CHRISTIANITY. With
Map. Crown 8vo. 3s. 6d.

[Churchman's Library.
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A. M. Cook, M.A. See E. C. Marchant.

R. W. Cooke-Taylor. THE FACTORY
SYSTEM. Crown 8vo. zs. 6d.

[Social Questions Series.

Marie Corelli. THE PASSING OF THE
GREAT QUEEN : A Tribute to the Noble
Life of Victoria Regina. Small ^to. is.

A CHRISTMAS GREETING. Sm. t,to. is.

Rosemary Cotes. DANTE'S GARDEN.
With a Frontispiece. Second Edition.

Fcap. 8vo. cloth zs. 6d. ; leather, 3$. 6d.

net.

Harold Cox, B.A. LAND NATIONAL-
IZATION. Crown 8v0. zs. 6d.

[Social Questions Series.

W. J. Craig. See Shakespeare.

W. A. Craigie. A PRIMER OF BURNS.
Crown 8vo. zs. 6d.

Mrs. Craik. JOHN HALIFAX, GEN-
TLEMAN. Edited by ANNIE MATHE-
SON. Two Volumes. Pott 8v0. Each
Volume, Cloth, is. 6d. net ; leather, zs. 6d.

net. [Little Library.

Richard Crashaw, THE ENGLISH
POEMS OF. Edited by EDWARD HUT-
TON. Pott 8vo. Cloth, is. 6d. net; leather,
zs. 6d. net. [Little Library.

F. G. Crawford. See Mary C. Danson.

C. G. Crump, M.A. See Thomas Ellwood.

F. H. E. Cunliffe, Fellow of All Souls' Col-

lege, Oxford. THE HISTORY OF THE
BOER WAR. With many Illustrations,

Plans, and Portraits. / z -vols. Vol. /., i$s.

E. L. CuttS, D.D. AUGUSTINE OF
CANTERBURY. With Portrait. Crown
8vo. 3$. 6d. [Leaders of Religion.

The Brothers Dalziel. A RECORD OF
FIFTY YEARS' WORK. With 150 Illus-

trations. Large $to. zis. net.

The record of the work of the celebrated

Engravers, containing a Gallery of beauti-

ful Pictures by F. Walker, Sir J. Millais,
Lord Leighton, and other great Artists.

The book is a history of the finest black-and-
white work of the nineteenth century.

G. W. Daniell, M.A. BISHOP WILBER-
FORCE. With Portrait. Crown 8vo.

35. 6d. [Leaders of Religion.

Mary C. Danson and F. G. Crawford.
FATHERS IN THE FAITH. Small^vo.
is. f>d.

Dante Alighieri. LA COMMEDIA Dl
DANTE. The Italian Text edited by
PAGET TOYNBEE, Litt.D., M.A. Demy &vo.

Gilt top. 8s. f>d. Also, Crown 8vo.^ 6s.

[Methuen's Standard Library.

THE INFERNO OF DANTE. Trans-
lated by H. F. GARY. Edited by PAGET
TOYNBEE, Lilt. D., M.A. PottSvo. Cloth,
is. 6d. net ; leather as. 6d. net.

[Little Library.

THE PURGATORIO OF DANTE.
Translated by H. F. CARY. Edited by
PAGET TOYNBEE, Litt.D., M.A. Pott^vo.
Cloth, is. 6d. net ; leather, zs. 6d. net.

[Little Library.
THE PARADISO OF DANTE. Trans-

lated by H. F. GARY. Edited by PAGET
TOYNBEE, Litt.D., M.A. PostBvo. Cloth,
is. 6d. net ; leather, zs. 6d. net.

[Little Library.
See also Paget Toynbee.A C. Deane. Edited by. A LITTLE
BOOK OF LIGHT VERSE. Pott 8vo.

Cloth, is. 6d. net ; leather, zs. 6ct. net.

[Little Library.
Percy Dearmer. See N. Hawthorne.

Leon Delbos. THE METRIC SYSTEM.
Crown 8vo. zs.

A theoretical and practical guide, for use
in schools and by the general reader.

Demosthenes : THE OLYNTHIACS
AND PHILIPPICS. Translated upon a
new principle by OTHO HOLLAND. Crown
8v0. zs. 6d.

Demostbeues. AGAINST CONON AND
CALLICLES. Edited with Notes and
Vocabulary, by F. DARWIN SWIFT, M.A,
Fcap. 8vo. zs.

Charles Dickens.
THE ROCHESTER EDITION.
Crown 8vo. Each Volume, cloth, 3^. 6d.

With Introductions by GEORGE GISSING,
Notes by F. G. KITTON, and Topographical
Illustrations.

THE PICKWICK PAPERS. With Illustra-

tions by E. H. NEW. Two Volumes.

NICHOLAS NICKLEBY. With Illustra-

tions by R. J. WILLIAMS. Two Volumes.

BLEAK HOUSE. With Illustrations by
BEATRICE ALCOCK. Two Volumes.

OLIVER TWIST. With Illustrations Dy E.
H. NEW.

THE OLD CURIOSITY SHOP. With
Illustrations by G. M. BRIMELOW. Two
Volumes.

BARNABY RUDGE. With Illustrations by
BEATRICE ALCOCK. Two Volumes.

G. L. Dickinson, M.A., Fellow of King's
College.Cambridge. THEGREEKVIEW
OF LIFE. Second Edition. Crown 8vo.

zs. 6d. [University Extension Series.

H. N. Dickson, F.R.S.E., F.R.Met. Soc.
METEOROLOGY. The Elements of
Weather and Climate. Illustrated. Crown
8vo. zs.6d. [University Extension Series.

Lady Dilke, Miss Bulley ,
and Miss Whit-

ley. WOMEN'S WORK. Crmvn 8vo.

zs. 6d. [Social Questions Series.

P. H. DitChfleld, M.A., F.S.A. ENGLISH
VILLAGES. Illustrated. Crown 8vo. 6s.

'A book which for its instructive and
pictorial value should find a place in every
village library.' Scotsman.
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THE STORY OF OUR ENGLISH
TOWNS. With Introduction by
AUGUSTUS JESSOP, D.D. Second Edition.
Crown 8v0. 6s.

OLD ENGLISH CUSTOMS: Extant at
the Present Time. An Account of Local
Observances, Festival Customs, and Ancient
Ceremonies yet Surviving in Great Britain.
Crown 8z>0. 6s.

W. M. Dixon, M.A. A PRIMER OF
TENNYSON. Second Edition. Crown
8v0. 2S. 6d.

1 Much sound and well-expressed criticism.
The bibliography is a boon.' Speaker.

ENGLISH POETRY FROM BLAKE TO
BROWNING. Second Edition. Crown
8v0. 2s. 6d. [University Extension Series.

E. Dowden, Litt.D. See Shakespeare.
J. Dowden, D.D., Lord Bishop of Edin-

burgh. THE WORKMANSHIP OF
THE PRAYER BOOK: Its Literary
and Liturgical Aspects. Second Edition.
Crown 8vo. $s. 6d. [ Churchman's Library.

S. R. Driver., D.D., Canon of Christ Church,
Regius Professor ofHebrew in the University
of Oxford. SERMONS ON SUBJECTSCONNECTED WITH THE OLD
TESTAMENT. Crown 8vo. 6s.

4A welcome companion to the author's
famous "Introduction."

1

Guardian.
S. J. Duncan (Mrs. COTES), Author of

'A Voyage of Consolation.' ON THE
OTHER SIDE OF THE LATCH.
Second Edition. Crown 8vo. 6s.

J. T. Dunn, D.Sc., and V. A. Mundella.
GENERALELEMENTARY SCIENCE.
With 114 Illustrations. Crown 8vo. -$s. 6d.

[Methuen's Science Primers.

The Earl of Durham. A REPORT ON
CANADA. With an Introductory Note.
Demy 8v0. js. 6d. net.

A reprint of the celebrated Report which
Lord Durham made to the British Govern-
ment on the state of British North America
in 1839. It is probably the most important
utterance on British colonial policy ever

published.

W. A. Dutt. NORFOLK. Illustrated by
B. C. BOULTER. Pott Zvo. Cloth, $s. ;

leather, 35. 6d. net. [Little Guides.

Clement Edwards. RAILWAY
NATIONALIZATION. Crown 8vo.
2S. 6d. [Social Questions Series

W. Douglas Edwards. COMMERCIAL
LAW. Crown 8z>0. 25. [Commercial Series.

H. E. Egerton, M.A. A HISTORY OF
BRITISH COLONIAL POLICY. Demy
&V0. i2S. 6d.

'It is a good book, distinguished by
accuracy in detail, clear arrangement of

facts, and a broad grasp of principles."
Manchetter Guardian.

Thomas Ellwood, THE HISTORY OF
THE LIFE OF. Edited byC. G. CRUMP,
M.A. Crown 8v0. 6s.

[Methuen's, Standard Library.
This edition is the only one which con-

tains the complete book as originally pub-
lished. It has a long Introduction and many
Footnotes.

E. EngeL A HISTORY OF ENGLISH
LITERATURE : From its Beginning to

Tennyson. Translated from the German.
Demy 8vo. js. 6d. net.

W. H. Fairbrother, M.A. THE PHILO-
SOPHY OF T. H. GREEN. Second
Edition. Crown 8vo. 35. 6d.

Dean Farrar. See A Kempis.
Susan Ferrier. MARRIAGE. Edited by

Miss GOODRICH FREER and Lord IDDES-
LEIGH. Two Volumes. Pott 8v0. Each
volume, cloth, is. 6d. net; leather, 2s. 6d.
net. [Little Library.

THE INHERITANCE. Two Volumes.
Pott 8vo. Each Volume, cloth, is. 6d. net. ;

leather, 25. 6d. net. [The Little Library.
C.H. Firth, M.A. CROMWELL'S ARMY:
A History of the English Soldier during the
Civil Wars, the Commonwealth, and the
Protectorate. Crown 8v0. js. 6d.
An elaborate study and description of

Cromwell's army by which the victory of
the Parliament was secured. The ' New
Model' is described in minute detail.

0. W. Fisher, M.A. ANNALS OF
SHREWSBURY SCHOOL. With
numerous Illustrations. Demy %vo. los. 6d.

Edward FitzGerald. THE RUBAIYAT
OF OMAR KHAYYAM. With a Com
mentaryby H. M. BATSON, and a Biography
of Omar by E. D. Ross. Crown 8v0. 6s.

E. A. FitzGerald. THE HIGHEST
ANDES. With 2 Maps, 51 Illustrations,

13 of which are in Photogravure, and a
Panorama. Royal 8vo. 30*. net.

C. R. L. Fletcher. See Thomas Carlyle.

W. Warde Fowler. M.A. See Gilbert
White.

J. F. Fraser. ROUND THE WORLD
ON A WHEEL. With 100 Illustrations.

Fourth Edition Crown 8v0. 6s.
1 A classic of cycling, graphic and witty.'
Yorkshire Post.

J. H. Freese. See Plautus.

W. French, M.A., Principal of the Storey
Institute, Lancaster. PRACTICAL
CHEMISTRY. Part i. With numerous
Diagrams. Crown 8v0. is. 6d.

[Textbooks of Technology.
1 An excellent and eminently practical

little book.
1

Schoolmaster.
Ed. von Freudenreich. DAIRY
BACTERIOLOGY. A Short Manual for

the Use of Students. Translated by J. R.
AINSWORTH DAVIS, M.A. Second Edition.
Revised. Crown 8vo. 25. 6d.
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H. W. Fulford, M.A. THE EPISTLE
OF ST. JAMES. Edited by. Fcap. 8vo.

is. 6d. net. [Churchman's Bible.

Mrs. Gaskell. CRANFORD. Edited by
E.V.LuCAS. PottZvo. Cloth, is. 6d.net;
leather, zs. 6d. net. [Little Library.

H. B. George, M.A., Fellow of New College,
Oxford. BATTLES OF ENGLISH
HISTORY. With numerous Plans. Third
Edition. Crown 8vo. 6s.

' Mr. George has undertaken a very useful
task that of making military affairs in-

telligible and instructive to non-military
readers and has executed it with a large
measure of success.' Times.

H. de B. Gibbins, Litt.D., M.A. IN-
DUSTRY IN ENGLAND: HISTORI-
CAL OUTLINES. With 5 Maps. Second
Edition. Demy 8vo. IOT. 6d.

A COMPANION GERMAN GRAMMAR.
Crown too. is. 6d.

THE INDUSTRIAL HISTORY OF ENG-
LAND. Eighth Edition. Revised. With
Maps and Plans. Crown too. 3$.

[University Extension Series.

THE ECONOMICS OF COMMERCE.
Crown too. \s. 6d. [Commercial Series.

COMMERCIAL EXAMINATION
PAPERS. Crown too. is.6ct.

[Commercial Series.

BRITISHCOMMERCE AND COLONIES
FROM ELIZABETH TO VICTORIA.
Third Edition. Crown too. zs.

[Commercial Series.

ENGLISH SOCIAL REFORMERS.
Second Edition. Crown too. zs. 6d.

[University Extension Series.

H. de B. Gibbins, Litt.D., M.A., and R. A.
Hadfleld, of the Hecla Works, Sheffield.

A SHORTER WORKING DAY. Crown
too. ss. 6d. [Social Questions Series.

Edward Gibbon. THE DECLINE AND
FALL OF THE ROMAN EMPIRE.
A New Edition, edited with Notes,
Appendices, and Maps, by J. B. BURY,
LL.D., Fellow of Trinity College, Dublin.
In Seven Volumes. Demy too. Gilt top,
8s. 6d. each. Also, Crown too. 6s. each.

'At last there is an adequate modern
edition of Gibbon. . . . The best edition

the nineteenth century could produce.'
Manchester Guardian.

1 A great piece of editing.
1

Academy.
MEMOIRS OF MY LIFE AND WRIT-
INGS. Edited,with an Introduction and
Notes, by G. BIRKBECK HILL, LL.D.
Crown too, 6s.

' An admirable edition of one of the most

interesting personal records of a literary life.

Its notes and its numerous appendices are a

repertory of almost all that can be known
about Gibbon.' Manchester Guardian.

E. C. S. Gibson, D.D., Vicar of Leeds.
THE BOOK OF JOB. With Introduction
and Notes. Demy too. 6s.

[Westminster Commentaries.
'Dr. Gibson's work is worthy of a high

degree of appreciation. To the busy worker
and the intelligent student the commentary
will be a real boon ;

and it will, if we are

not mistaken, be much in demand. The
Introduction is almost a model of concise,

straightforward, prefatory remarks on the

subject treated.' A thenaum.
THE XXXIX. ARTICLES OF THE
CHURCH OF ENGLAND. With an
Introduction. Third and Cheaper Edition
in One Volume. Demy too. izs. 6d.

[Handbooks of Theology.
1We welcome with the utmost satisfaction

a new, cheaper, and more convenient edition

of Dr. Gibson's book. It was greatly wanted.
Dr. Gibson has given theological students

just what they want, and we should like to

think that it was in the hands of every
candidate for orders." Guardian.

THE LIFE OF JOHN HOWARD. With
12 Illustrations. Pott too. Cloth, 3^.;

leather, 3*. 6d. net. [Little Biographies.

See also George Herbert.

George GiSSing. See Dickens.

A. D. Godley.M.A., Fellow of Magdalen
College, Oxford. LYRA FRIVOL A.
Third Edition. Fcap. 8vo. ss. 6d.

VERSES TO ORDER. Cr. too. as. 6d. net.

SECOND STRINGS. Fcap. 8vo. 2s. 6d.

A new volume of humorous verse uniform
with Lyra Frivola.

'

Neat, brisk, ingenious.' Manchester
Guardian.

' The verse is facile, the wit is ready.
1

Daily Mail.
'Excellent and amusing.' St. James's

Gazette.

Miss GOOdrich-Freer. See Susan Ferrier.

P. Anderson Graham. THE RURAL
EXODUS. Crown too. zs. 6d.

[Social Questions Series.

F. S. Granger, M.A., Litt.D. PSYCH-
OLOGY. Second Edition. Crown too.

vs. 6d. [University Extension Series.

THE SOUL OF A CHRISTIAN. Crown
8vo. 6s.

A book dealing with the evolution of the

religious life and experiences.

E. M'Queen Gray. GERMAN PASSAGES
FOR UNSEEN TRANSLATION.
Crown too. zs. 6d.

P. L. Gray, B.Sc., formerly Lecturer in

Physics in Mason University College, Bir-

mingham. THE PRINCIPLES OF
MAGNETISM AND ELECTRICITY:
an Elementary Text-Book. With 181 Dia-

grams. Crown too. 3*. 6J.
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G. BllCkland Green, M.A., Assistant Master
at Edinburgh Academy, late Fellow of St.

John's College, Oxon. NOTES ON
GREEK AND LATIN SYNTAX. Crown
Svo. 35. f>d.

Notes and explanations on the chief diffi-

culties of Greek and Latin Syntax, with

numerous passages for exercise.

E. T. Green, M.A. THE CHURCH OF
CHRIST. Crown Svo. 6s.

[Churchman's Library.

R. A. Gregory. THE VAULT OF
HEAVEN. A Popular Introduction to

Astronomy. With numerous Illustrations.

Crown Svo. zs. 6d.

[University Extension Series.

W. Hall Griffin, M.A. See Robert Browning.

C H. Grinling. A HISTORY OF THE
'GREAT NORTHERN RAILWAY,
1845-95. With Illustrations. Demy Svo.

F. Hindes GrOOme. See George Borrow.

M. L. Gwynn. A BIRTHDAY BOOK.
Royal Svo. izs.

This is a birthday-book of exceptional

dignity, and the extracts have been chosen
with particular care.

Stephen Gywnn. See Thackeray.

John Hackett, B.D. A HISTORY OF
THE ORTHODOX CHURCH OF
CYPRUS. With Maps and Illustrations.

Demy Sv0. 155. net.

A. C. Haddon, Sc.D., F.R.S. HEAD-
HUNTERS, BLACK, WHITE, AND
BROWN. With many Illustrations and a

Map. Demy Svo. 15-?.

A narrative of adventure and exploration
in Northern Borneo. It contains much
matter of the highest scientific interest.

H. A. Hadfield. See H. de B. Gibbins.

R. N. HaU and W. G. Neal. THE
ANCIENT RUINS OF RHODESIA.
With numerous Illustrations, Demy Svo.

sis. net.

F. J. Hamilton, D.D., and E. W. Brooks.
ZACHARIAH OF MITYLENE. Trans-
lated into English. Demy Svo. izs. 6d. net.

[Byzantine Texts.

D Hannay. A SHORT HISTORY OF
THE ROYAL NAVY, FROM EARLY
TIMES TO THE PRESENT DAY. Illustrated.

Two Volumes. Demy Sv0. "js. 6d. each.

Vol. I. 1200-1688.

A. T. Hare, M.A. THE CONSTRUCTION
OF LARGE INDUCTION COILS. With
numerous Diagrams. Demy Svo. 6s.

Clifford Harrison. READING AND
READERS. Fcap. Svo. zs. 6d.

' An extremely sensible little book.'

Manchester Guardian.

Nathaniel Hawthorne. THE SCARLET
LETTER. Edited by PERCY DEARMER,
Pott 8v0. Cloth, is. 6d. net; leather,

zs. 6d. net. [Little Library.

Sven Hedin, Gold Medallist of the Royal
Geographical Society. THROUGH ASIA.
With 300 Illustrations from Sketches and

Photographs by the Author, and Maps.
Two Volumes. Royal Sv0. %6s. net.

T. F. Henderson. A LITTLE BOOK OF
SCOTTISH VERSE. PottZvo. Cloth,
is. 6d. net ; leather, zs. 6d. net.

[Little Library.
See also D. M. Moir.

W.E.Henley. ENGLISH LYRICS.
Crown Svo. Gilt top. 3$. 6d.

W. E. Henley and C. Whibley. A BOOK
OF ENGLISH PROSE. Crown Svo.

Buckram, gilt top. 6s.

H. H. Henson, M.A., Fellow of All Souls',

Oxford, Canon of Westminster. APOS-
TOLIC CHRISTIANITY : As Illustrated

by the Epistles of St. Paul to the Corinthians.

Crown Svo. 6s.

LIGHT AND LEAVEN : HISTORICAL AND
SOCIAL SERMONS. Crown Svo. 6s.

DISCIPLINE AND LAW. Fcap. Svo.

zs. 6d.

George Herbert. THE TEMPLE.
Edited, with an Introduction and Notes,

by E. C. S. GIBSON, D.D., Vicar of Leeds.

Pott Svo. Cloth, zs. ; leather, zs. 6d. net.

[Library of Devotion.

This edition contains Walton's Life of

Herbert, and the text is that of the first

edition.

Herodotus : EASY SELECTIONS. With
Vocabulary. By A. C. LIDDELL, M.A.
Fcap. Svo. is, 6d.

W. A. S. Hewins, B. A. ENGLISH TRADE
AND FINANCE IN THE SEVEN-
TEENTH CENTURY. Crown Svo.

[University Extension Series.

T. Hilbert. THE AIR GUN : or, HOW
the Mastermans and Dobson Major nearly
lost their Holidays. Illustrated. Square
Fcap. Svo. zs. 6d. [Little Blue Books.

Clare Hill, Registered Teacher to the City and
Guilds of London Institute. MILLIN-
ERY, THEORETICAL, AND PRAC-
TICAL. With numerous Diagrams.
Crown Svo. zs.

[Textbooks of Technology.
Henry Hill, B.A., Headmaster of the Boy's

High School, Worcester, Cape Colony. A
SOUTH AFRICAN ARITHMETIC.
Crown Sv0. is. 6d.

This book has been specially written for

use in South African schools.

G. Birkbeck Hill, LL.D. See Gibbon.

Howard C. Hillegas. WITH THE BOER
FORCES. With 24 Illustrations. Second
Edition. Crown Svo. 6s.
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Emily Hobhouse. THE BRUNT OF THE
WAR. With Map and Illustrations. Crown
8v0. 6s.

L. T. HobhOUSe, Fellow of C.C.C., Oxford.
THE THEORY OF KNOWLEDGE.
Demy 8vo. zis.

J. A. Hobson, M.A. PROBLEMS OF
POVERTY : An Inquiry into the Indus-
trial Condition of the Poor. Fourth
Edition. Crown 8vo. 2s. 6d.

[Social Questions Series and University
Extension Series.

THE PROBLEM OF THE UNEM-
PLOYED. Crown 8vo. zs. 6d.

[Social Questions Series.

T. Hodgkin, D.C.L. GEORGE FOX,
THE QUAKER. With Portrait. Crown
8vo. 3$. 6d. [Leaders of Religion.

Chester Holcombe. THE REAL CHIN-
ESE QUESTION. Crown 8vo. 6s.

'

It is an important addition to the
materials before the public for forming an

opinion on a most difficult and pressing pro-
blem.' Times,

Sir T. H. Holdich, K.C.I.E. THE
INDIAN BORDERLAND : being a Per-
sonal Record of Twenty Years. Illustrated.

Demy 8vo. 155. net.
'

Interesting and inspiriting from cover to

cover, it will assuredly take its place as the
classical work on the history of the Indian
frontier.' Pilot.

Canon Scott Holland. LYRA APOS-
TOLICA. With an Introduction. Notes
by H. C. BEECHING.M.A. Pottlvo. Cloth,
vs.; leather, vs. 6d. net.

[Library of Devotion.
[E CO-'G. J. Holyoake. THE CO-OPERATIVE

MOVEMENT TO-DAY. Third Edition.
Crown 8vo. zs. 6d.

[Social Questions Series.

Horace: THE ODES AND EPODES.
Translated by A. GODLEY, M.A., Fellow of

Magdalen College, Oxford. Crown 8vo.

2S. [Classical Translations.

E. L. S. Horsburgh, M.A. WATERLOO :

A Narrative and Criticism. With Plans.
Second Edition. Crown %vo. 55.

'A brilliant essay simple, sound, and
thorough.' Daily Chronicle.

THE LIFE OF SAVONAROLA. With
Portraits and Illustrations. Fcap. 8vo.

Cloth, 3-r. 6d. ; leather, 4*. net.

[Little Biographies.
R. F. Hortqn, D.D. JOHN HOWE.

With Portrait. Crown Zvo. 3^. 6d.

[Leaders of Religion.
Alexander Hosie. MANCHURIA. With

Illustrations and a Map. DemyZvo. IQS. 6d.

G. HoVell. TRADE UNIONISM NEW
AND OLD. Third Edition. Crown %vo.

as. 6d. [Social Questions Series.

A. W. Button, M.A. CARDINAL MAN-
NING. With Portrait. Crown 8vo. 3j.
6d. [Leaders of Religion.
See also TAULER.

Edward Hutton. See Richard Crashaw.

R. H. Hutton. CARDINAL NEWMAN.
With Portrait. Crown Svo. 3*. 6d.

[Leaders of Religion.

W. H. Hutton, M.A. THE LIFE OF SIR
THOMAS _MORE. With Portraits.
Second Edition. Crown 8vo. $s.

WILLIAM LAUD. With Portrait. Second
Edition, Crown 8vo. 3.1. 6d.

[Leaders of Religion.
Heniik Ibsen. BRAND. A Drama. Trans-

lated by WILLIAM WILSON. ThirdEdition.
Crown 8vo. 3^. 6d,

Lord Iddesleigh. See Susan Ferrier.

W. R. Inge, M.A., Fellow and Tutor of Hert-
ford College, Oxford. CHRISTIAN MYS-
TICISM. The Bampton Lectures for 1899.
Demy Bvo. izs. 6d. net.

'
It is fully worthy of the best traditions

connected with the Bampton Lectureship."
Record.

A. D. Innes, M.A. A HISTORY OF THE
BRITISH IN INDIA. With Maps and
Plans. Crown 8vo. js. 6d.

' Written in a vigorous and effective style
... a thoughtful and impartial account.'

Spectator.

S. Jackson, M.A. A PRIMER OF BUSI-
NESS. Third Edition. Crown 8vo.
iJ. 6d. [Commercial Series.

F. Jacob, M.A. JUNIOR FRENCH
EXAMINATION PAPERS. Fcap. 8vo.
is. [Junior Examination Series.

J. Stephen Jeans. TRUSTS, POOLS,AND CORNERS. Crown Bva. 2S. 6d.

[Social Questions Series.

E. JenkS, M.A., Professor of Law at Uni-
versity College, Liverpool. ENGLISH
LOCAL GOVERNMENT. Crown 8vo.

2S. 6d. [University Extension Series.

C. S. Jerram, M.A. See Pascal.

Augustus Jessopp, D.D. JOHN DONNE.
With Portrait. Crown 8vo. 3$. 6d.

[Leaders of Religion.

F. B. JeVOns, M.A., Litt.D., Principal of
Hatfield Hall, Durham. EVOLUTION.
Crown 8vo. 35. 6d. [Churchman's Library.

AN INTRODUCTION TO THE
HISTORY OF RELIGION. Second
Edition. Demy 8vo. IQS. 6d.

[Handbooks of Theology.
' The merit of this book lies in the penetra-

tion, the singular acuteness and force of the
author's judgment. He is at once critical

and luminous, at once just and suggestive.
A comprehensive and thorough book.'

Birmingham Post.
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Sir H. H. Johnston, K.C.B. BRITISH
CENTRAL AFRICA. With nearly 200
Illustrations and Six Maps. Second
Edition. Crown $to. i8s. net.

H. Jones. A GUIDE TO PROFESSIONS
AND BUSINESS. Crown 8z/<7. is. 6d.

[Commercial Series.

Lady Julian of Norwich. REVELA-
TIONS OF DIVINE LOVE. Edited by
GRACE WARRACK. Crown 8v0. 3$. 6d.
A partially modernised version, from the

MS. in the British Museum of a book which
Mr. Inge in his Bampton Lectures calls
' The beautiful but little known Revelations.'

M. Kaufmann. SOCIALISM AND
MODERN THOUGHT. Crown 8v0.
zs. 6d. [Social Questions Series.

J. F. Keating, D.D. THE AGAPE AND
THE EUCHARIST. Crown 8v0. 3s. 6d.

John Keble. THE CHRISTIAN YEAR.
With an Introduction and Notes by W.
LOCK, D.D., Warden of Keble College.
Illustrated by R. ANNING BELL. Second
Edition. Fcap. 8va. %s. 6d; padded
morocco, $s.

THE CHRISTIAN YEAR. With Intro-
duction and Notes by WALTER LOCK,
D.D., Warden of Keble College. Second
Edition. Pott 8vo. Cloth, zs. ; leather, zs.

6d. net. [Library of Devotion.

LYRA INNOCENTIUM. Edited, with
Introduction and Notes, by WALTER LOCK,
D.D., Warden of Keble College, Oxford.
Pott 8v0. Cloth, zs. ; leather, zs. 6d. net.

[Library of Devotion.
' This sweet and fragrant book has never

been published more attractively.'

Academy.
Thomas A Kempis. THE IMITATION
OF CHRIST. With an Introduction by
DEAN FARRAR. Illustrated by C. M.
GERE. SecondEdition. Fcap. 8vo. 35. 6d.
net ; padded morocco, $s.

THE IMITATION OF CHRIST. A Re-
vised Translation, with an Introduction by
C. BIGG, D.D., late Student of Christ
Church. Third Edition. PottZvo. Cloth,
zs. ; leather, zs. 6d. net.

[Library of Devotion.
A practically new translation of this book

which the reader has, almost for the first

time, exactly in the shape in which it left

the hands of the author.
THE SAME EDITION IN LARGE TYPE. Crown

8z>0. 3-y. 6d.

James Houghton Kennedy, D.D., Assist-
ant Lecturer in Divinity in the University
of Dublin. ST. PAUL'S SECOND
AND THIRD EPISTLES TO THE
CORINTHIANS. With Introduction,
Dissertations and Notes. Crown 8v0. 6s.

J. D. Kestell. THROUGH SHOT AND
FLAME : Being the Adventures and Ex-

periences of J. D. KESTELL, Chaplain to

General Christian de Wet. Crown 8v0. 6s.

C. W. Kimmins, M.A. THE CHEM-
ISTRY OF LIFE AND HEALTH.
Illustrated. Crown 8v0. zs. 6d.

f

[University Extension Series.

A. W. Kinglake. EOTHEN. With an
Introduction and Notes. Pott 8v0. Cloth,
is. 6d. net ; leather, zs. 6d. net.

[Little Library.

Rudyard Kipling. BARRACK-ROOM
BALLADS. T$rd Thousand. Crown 8vo.

6s. ; leather^ 6s. net.
' Mr. Kipling's verse is strong, vivid, full

of character. . . . Unmistakable genius
rings in every line.' Timers.

' The ballads teem with imagination, they
palpitate with emotion. We read them with

laughter and tears : the metres throb in our

pulses, the cunningly ordered words tingle
with life; and if this be not poetry, what
is ? 'PallMall Gazette.

THE SEVEN SEAS. 6znd Thousand.
Crown 8v0. Buckram, gilt top, 6s. ;

leather, 6s. net.
' The Empire has found a singer ; it is

'

no depreciation of the songs to say that
statesmen may have, one way or other, to

take account of them.'
Manchester Guardian.

F. G. Kitton. See Dickens.

W. J. Knox Little. See St. Francis de Sales.

Charles Lamb, THE ESSAYS OF ELIA.
With over 100 Illustrations by A. GARTH
JONES, and an Introduction by E. V. LUCAS.
Demy 8v0.

ips.
6d.

'This edition is in many respects of

peculiar beauty.' Daily Chronicle.

ELIA, AND THE LAST ESSAYS OF
ELIA. Edited by E. V. LUCAS. Pott 8v0.

Cloth, us. 6d. net; leather, zs. 6d. net.

[Little Library.

THE KING AND QUEEN OF HEARTS :

An 1805 Book for Children. Illustrated by
WILLIAM MULREADY. A new edition, in

facsimile, edited by E. V. LUCAS. -is. 6d.

This little book is a literary curiosity, and
has been discovered and identified as the

work of Charles Lamb by E. V. Lucas.
It is an exact facsimile of the original

edition, which was illustrated by Mulready.
Professor Lambros. E C T H E s I S
CHRONICA. Edited by. Demy 8vo.

75. 60". net. [Byzantine Texts.

Stanley Lane-Poole. THE LIFE OF
SIR HARRY PARKES. A New and
Cheaper Edition. Crown 8v0. 6s.

A HISTORY OF EGYPT IN THE
MIDDLE AGES. Fully Illustrated.

Crown 8vo. 6s.
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F. Langbridge, M.A. BALLADS OF THE
BRAVE : Poems of Chivalry, Enterprise,
Courage, and Constancy. Second Edition.
Crown 8v0. as. 6d.

* The book is full of splendid things.'
World.

William Law. A SERIOUS CALL TO A
DEVOUT AND HOLY LIFE. Edited,
with an Introduction, by C. BIGG, D.D.j
late Student of Christ Church. Pott 8vo.

Cloth, -2S. ; leather, zs. 6d. net.

[Library of Devotion.
This is a reprint, word for word and line

for line, of the Editio Princeps.

G. S. Layard. THE LIFE OF MRS.
LYNN LINTON. Illustrated, Demy
8v0. izs, 6d. .

Captain Melville Lee. A HISTORY OF
POLICE IN ENGLAND. Crown 8v0.

7s. 6d.
' A learned book, comprising many curious

details to interest the general reader as well
as the student who will consult it for exact
information.' Daily News.

V. B. Lewes, M.A. AIR AND WATER.
Illustrated. Crown 8vo. 2S. 6d.

[University Extension Series.

W. M. Lindsay. See Plautus.

Walter Lock, D.D., Warden of Keble Col-

lege. ST. PAUL, THE MASTER-
BUILDER. Crown 8v0. 3*. 6d.

See also Keble and New Commentaries.

JOHN KEBLE. With Portrait. Crown
8v0. 2s- &d> [Leaders of Religion.

E. V. Lucas. THE VISIT TO LONDON.
Described in Verse, with Coloured Pic-
tures by F. D. BEDFORD. Small to. 6s.

This charming book describes the intro-

duction of a country child to the delights
and sights of London. It is the result of a
well-known partnership between author and
artist.

'A beautiful children's book.'
Black and White.

1 The most inimitable verses and interest-

ing pictures.' Daily Chronicle.
' Of quite unusual charm.'

Daily Telegraph.
See also Jane Austen and Mrs. Gaskell
and Charles Lamb.

Lucian. SIX DIALOGUES (Nigrinus,
Icaro-Menippus, The Cock, The Ship, The
Parasite, The Lover of Falsehood). Trans-
lated by S. T. Irwin, M.A., Assistant
Master at Clifton ; late Scholar of Exeter

College, Oxford. Crcrwn 8v0. 3$. 6d.

[Classical Translations.

L. W. Lyde, M.A. A COMMERCIAL
GEOGRAPHY OF THE BRITISH EM-
PIRE. Third Edition. Crown Z-vo. zs.

[Commercial Series.

Hon. Mrs. Lyttelton. WOMEN AND
THEIR WORK. Crown too. zs. 6d.

'

Thoughtful, interesting, practical.'
Guardian.

'The book is full of sound precept given
with sympathy and wit.' Pilot.

Lord Macaulay. CRITICAL AND HIS-
TORICAL ESSAYS. Edited by F. C.
MONTAGUE, M.A. Three Volumes. Cr.
8v0. 6s. each. [Methuen's Standard Library.
The only edition of this book completely

annotated.

J. E. B. M'Allen, M.A. THE PRINCIPLES
OF BOOKKEEPING BY DOUBLE
ENTRY. Crown 8v0. as.

[Commercial Series.

J. A. MacCullOCh. COMPARATIVE
THEOLOGY. Crown Bvo. 6s.

[The Churchman's Library.
' Most carefully executed, readable and

informing.
'

Scotsman.

F. MacCunn. JOHN KNOX. With Por-
trait. Crown 8vo. 35. 6d.

[Leaders of Religion.
A. M. Mackay. THE CHURCHMAN'S
INTRODUCTION TO THE OLD
TESTAMENT. Crown Zvo. 3j. 6d.

[Churchman's Library.
'The book throughout is frank and

courageous.' Glasgow Herald.
Laurie Magnus, M.A. A PRIMER OF
WORDSWORTH. Crown 8v0. as. 6d.

J P. Mahaffy, Litt.D. A HISTORY OF
THE EGYPT OF THE PTOLEMIES.
Fully Illustrated. Crown'&vo. 6s.

F. W. Maitland, LL.D., Downing Professor
of the Laws of England in the University of

Cambridge. CANON LAW IN ENG-
LAND. Royal 8vo. js. 6d.

H. E. Maiden, M.A. ENGLISH RE-
CORDS. A Companion to the History of
England. Crown 8v0. 3$. 6d.

THE ENGLISH CITIZEN: HIS RIGHTS
AND DUTIES. Crown 8v0. w. 6d.

E.C.Marchant,M.A., Fellow of Peterhouse,
Cambridge, and Assistant Master at St. Paul's
School. A GREEK ANTHOLOGY.
Crown 8vo. 3$. 6d.

E. C. Marchant, M.A., and A. M. Cook,
M.A. PASSAGES FOR UNSEEN
TRANSLATION. SecondEdition. Crown
8v0. S.T. 6d.

1 We know^ no book of this class better
fitted for use in the higher forms of schools.'

Guardian.
J. E. Marr, F.R.S.. Fellow of St. John's

College, Cambridge. THE SCIENTIFIC
STUDY OF SCENERY. Second Edition.
Illustrated. Crown 8v0. 6s.

' A volume, moderate in size and readable
in style, which will be acceptable alike to
the student of geology and geography and
to the tourist.' Athtnautn.
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A. J. Mason. THOMAS CRANMER.
With Portrait. Crown 8v0. y. 6d.

[Leaders of Religion.

George Massee. THE EVOLUTION OF
PLANT LIFE: Lower Forms. With
Illustrations. Crown 8v0. zs. 6d,

[University Extension Series.

C. F. G. Masterman, M.A. TENNYSON
AS A RELIGIOUS TEACHER. Crown
%vo. 6s.

'A thoughtful and penetrating apprecia-

tion, full of interest and suggestion.'
World.

Annie Matheson. See Mrs. Craik.

Emma S. Mellows. A SHORT STORY
OF ENGLISH LITERATURE. Crown
&vo. y. 6d.

'A lucid and well-arranged account of
the growth of English literature.' Pall
Mall Gazette.

L. C. Miall, F.R.S. See Gilbert White.

E. B. Michell. THE ART AND PRAC-
TICE OF HAWKING. With 3 Photo-

gravures by G. E. LODGE, and other

Illustrations. Demy 8v0. IDS. 6d.

J.G.MillaiS. THE LIFE AND LETTERS
OF SIR JOHN EVERETT MILLAIS,
President of the Royal Academy. With 319
Illustrations, of which 9 are Photogravure.
2-vols. Royal 8v0. zos.net.

< This splendid work.' World.
1 Of such absorbing interest is it, of such

completeness in scope and beauty. Special
tribute must be paid to the extraordinary
completeness of the illustrations." Graphic,

J. G. Milne, M.A. A HISTORY OF
ROMAN EGYPT. Fully Illustrated.

Crown 8v0. 6s.

P. Chalmers Mitchell, M.A. OUTLINES
OF BIOLOGY. Illustrated. Second
F-dition. Crown &z>0. 6s.

A text - book designed to cover the

Schedule issued by the Royal College of

Physicians and Surgeons.
D. M. Moir. MANSIE WAUCH. Edited

by T. F. HENDERSON. PottZvo. Cloth,
is. 6d. net ; leather, zs. 6d. net.

[Little Library.
F. C. Montague, M.A. See Macaulay.

H. E. M09re. BACK TO THE LAND :

An Inquiry into the cure for Rural Depopu-
lation. Crown 8vo. zs. 6d.

[Social Questions Series.

W. R. Morflll, Oriel College, Oxford. A
HISTORY OF RUSSIA FROM PETER
THE GREAT TO ALEXANDER II.

With Maps and Plans. Crown 8v0. ?s. 6d.

This history, is founded on a study
of original documents, and though neces-

sarily brief, is the most comprehensive
narrative in existence. Considerable atten-

tion has been paid to the social and literary

development of the country, and the recent

expansion of Russia in Asia.

R. J. Moilch, late of Clifton College.
GERMAN EXAMINATION PAPERS
IN MISCELLANEOUS GRAMMAR
AND IDIOMS. Sixth Edition. Crown
8vo. zs. 6d. [School Examination Series.

A KEY, issued to Tutors and Private

Students only, to be had on application
to the Publishers. Second Edition.
Crown 8vo. 6s. net.

MiSS Anderson Morton. See Miss Brodrick.

H. C. G. MOUle, D.D., Lord Bishop of Dur-
ham. CHARLES SIMEON. With Por-
trait. Crown 8v0. y. 6d.

[Leaders of Religion.
M. M. Pattison Muir, M.A. THE
CHEMISTRY OF FIRE.

%
The Ele-

mentary Principles of Chemistry. -Illus-

trated. Crown 8v0. zs. 6d.

[University Extension Series.

V. A. Mundella, M.A. See J. T. Dunp.
W.G. Neal. See R.N. Hall.

H. W. Nevinson. LADYSMITH: The
Diary of a Siege. With 16 Illustrations and
a Plan. Second Edition. Crown %vo. 6s.

J. B. B. Nichols. A LITTLE BOOK OF
ENGLISH SONNETS. Pott&vo. Clath,
is. 6d. net; leather, zs. 6d. net.

[The Little Library.
James Northcote, R.A., THE CONVER-
SATIONS OF, WITH JAMES WARD.
Editedby ERNEST FLETCHER. Withmany
Portraits. Demy 8v0. T.OS. 6d.

A. H. Norway, Author of
'

Highways and By-
ways in Devon and Cornwall.' NAPLES :

PAST AND PRESENT. With 40 Illus-

trations by A. G. FERARD. Crown &vo. 6s.

Mrs. Oliphant. THOMAS CHALMERS.
With Portrait. Crown 8v0. y. 6d.

[Leaders of Religion.
C. W. Oman, M.A., Fellow of All Souls',

Oxford. A HISTORY OF THE ART
OF WAR. Vol. ii.: The Middle Ages,
from the Fourth to the Fourteenth Century.
Illustrated. Demy 8v0. 2ij.

' The whole art of war in its historic evolu-

tion has never been treated on such an

ample and comprehensive scale, and we
question if any recent contribution to the

exact history of the world has possessed
more enduring value.' Daily Chronicle.

Prince Henri of Orleans. FROM TON-
KIN TO INDIA. Translated by HAMLEY
BENT, M.A. With 100 Illustrations and a

Map. Crown 4^0, gilt top. z$s.

R. L. Ottley, M.A., late Fellow of Magdalen
College Oxon., and Principal of Pusey
House. THE DOCTRINE OF THE
INCARNATION. Second and cheaper
Edition. Demy Z-vo. izs. 6d.

[Handbooks of Theology.
1 A clear and remarkably full account of

the main currents of speculation. Scholarly

precision . . . genuine tolerance . . .

intense interest in his subject are Mr.

Ottley's merits.' Guardian.
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LANCELOT ANDREWES. With For-
trait. Crown 8v0. 3$. 6d.

[Leaders of Religion.

J. EC. Overtqn, M.A. JOHN WESLEY.
With Portrait. Crown 8v0. 3*. 6d.

[Leaders of Religion.

M. N. Oxford, of Guy's Hospital. A
HANDBOOK OF NURSING. Crown
8v0. 3$. 6d.

' The most useful work of the kind that
we have seen. A most valuable and prac-
tical manual.' Manchester Guardian.

W. c. c. Fakes. THE SCIENCE OF
HYGIENE. With numerous Illustrations.

Demy8v0. i$s.
'A thoroughgoing working text-book of

its subject, practical and well-stocked.'
Scotsman,

Prof. Le*on Pannentier and M. Bidez.
EVAGRIUS. Edited by. Demy 8vo.
105. 6d. net. [Byzantine Texts.

Pascal, THE THOUGHTS OF. With
Introduction and Notes by C. S. JERRAM.
Pott 8vo. vs. ; leather, zs. 6d. net.

[Library of Devotion.

George Paston. SIDELIGHTS ON THE
GEORGIAN PERIOD. With many Illus-

trations. Demy 8v0. los 6d.
f Touched with lightness and sympathy.

We recommend this book to all who are tired
with the trash of novels.' Spectator.

1 This book is the highly diverting pro-
duct of research and compilation. It is a

magazine of instructive and amusing infor-

mation.' Academy,
H. W. Paid. See Laurence Sterne.

E. H. Pearce, M.A. THE ANNALS OF
CHRIST'S HOSPITAL. With many
Illustrations. Demy 8v0. js. 6d.
'A well-written, copious, authentic his-

tory.' Times.

E. E. Peary, Gold Medallist of the Royal
Geographical Society. NORTHWARD
OVER THE GREAT ICE. With over 800
Illustrations. 2 vols. Royal 8v0. 325. net.

'His book will take its place among the

permanent literature of Arctic exploration.'
Times.

Sidney Peel, late Fellow of Trinity College,
Oxford, and Secretary to the Royal Com-
mission on the Licensing Laws. PRACTI-
CAL LICENSING REFORM. Second
Edition. Crown 8v0. M. 6d.

M. Perugini
VILLIAM

SELECTIONS FROM

is. 6d. net; leather, zs. 6d. net.

[Little Library.
J. P. Peters, D.D. THE OLD TESTA-
MENT AND THE NEW SCHOLAR-
SHIP. Crown 8v0. 6s.

[Churchman's Library.

'

Every page reveals wide reading, used
with sound and scholarly judgment.'

Manchester Guardian.
W. M. Flinders Petrie, D.C.L., LL.D., Pro-

fessor of Egyptology at University College.A HISTORY OF EGYPT, FROM THE
EARLIEST TIMES TO THE PRESENT DAY.
Fully Illustrated. In six volumes. Crown
8v0. 6s. each.

' A history written in the spirit of scientific

precision so worthily represented by Dr.
Petrie and his school cannot but promote
sound and accurate study, and supply a
vacant place in the English literature of

Egyptology.' Times.

VOL. r. PREHISTORIC TIMES TO XVlTii
DYNASTY. Fifth Edition.

VOL. n. THE XVIlTH AND XVIIlTH DY-
NASTIES. Third Edition.

VOL. iv. THE EGYPT OF THE PTOLEMIES.
J. P. MAHAFFY, Litt.D.

VOL. v. ROMAN EGYPT. J. G. MILNE, M.A.
VOL. vr. EGYPT IN THE MIDDLE AGES.

STANLEY LANE-POOLE, M.A.
RELIGION AND CONSCIENCE IN
ANCIENT EGYPT. Fully Illustrated.
Crown 8v0. zs. 6d,

SYRIA AND EGYPT, FROM THE TELL
EL AMARNA TABLETS. Crown 8w.
as. 6d.

EGYPTIAN TALES. Illustrated by TRIST-
RAM ELLIS. In Two Volumes. Crown 8v0.

3s. 6d. each.

EGYPTIAN DECORATIVE ART. With
120 Illustrations. Crown 8v0. 3.1. 6d.

' In these lectures he displays rare skill

in elucidating the development of decora-
tive art in Egypt.' Times.

Philip Pienaar. WITH STEYN AND
D WET. Second Edition. Crown 8vo.

3S. 6d.
A narrative of the adventures of a Boer

telegraphist of the Orange Free State

during the war.

PlailtUS. THE CAPTIVI. Edited, with
an Introduction, Textual Notes, and a Com-
mentary, by W. M. LINDSAY, Fellow of

Jesus College, Oxford. Demy 8v0. IQS. 6d.
net.

For this edition all the important MSS.
have been re-collated. An appendix deals
with the accentual element in early Latin
verse. The Commentary is very full.

THE CAPTIVI. Adapted for Lower Forms,
by J. H. FREESE, M.A., late Fellow of St.

John's, Cambridge, is. 6d.

J. T. Plowden-Wardlaw, B.A., King's
College, Cambridge. EXAMINATION
PAPERS IN ENGLISH HISTORY.
Crorvn 8v0. zs. 6d.

[School Examination Series.
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FrankPodmore. MODERN SPIRITUAL-
ISM. Two Volumes. Demy 8v0. zis. net.

A History and a Criticism.

'A complete guide to a very complex
subject.

' A cademy.
' Of great scientific value and considerable

popular interest.' Scotsman.
'A masterpiece of scientific analysis and

exposition. There is no doubt it will hold
the field for a long time.' Star.

' The entire book is characterised by the

greatest candour and fairness, and affords

pleasant reading upon an entrancing theme.'
Public Opinion.

A. W. Pollard. OLD PICTURE BOOKS.
With many Illustrations. Demy 8z>0.

js. 6d. net.

M. C. Potter, M.A., F.L.S. A TEXT-
BOOK OFAGRICULTURAL BOTANY.
Illustrated. 2nd Edition. Crown 8vo.

4s. 6d. [University Extension Series.

G. Pradeau. A KEY TO THE TIME
ALLUSIONS INTHE DIVINE
COMEDY. With a Dial. Small quarto.
3*. 6d.

L. L. Price, M.A., Fellow of Oriel College,
Oxon. A HISTORY OF ENGLISH
POLITICAL ECONOMY. Fourth
Edition. Crown 8vo. zs. 6d.

[University Extension Series.

"Q." THE GOLDEN POMP. A Proces-
sion of English Lyrics. Arranged by A. T.
QUILLER COUCH. Crown 8v0. Buckram.
6s.

R. B. Rackham, M.A. THE ACTS OF
THE APOSTLES. With Introduction
and Notes. Demy &vo. izs. 6d.

[Westminster Commentaries.
'A really helpful book. Both introduction

and commentary are marked by common
sense and adequate knowledge.' Guardian.

B. W. Randolph, D.D., Principal of the

Theological College, Ely. THE PSALMS
OF DAVID. With an Introduction and
Notes. Pott Boo. Cloth, 2s. ; leather,
2S. 6d. net. Library of Devotion.
A devotional and practical edition of the

Prayer Book version of the Psalms.

Hastings Rashdall, M. A. , Fellow and Tutor
of New College, Oxford. DOCTRINE
AND DEVELOPMENT. Crown 8vo. 6s.

W. Reason, M A. UNIVERSITY AND
SOCIAL SETTLEMENTS. Crown too.
2S. 6d. [Social Questions Series.

Charles Richardson. THE ENGLISH
TURF. With numerous Illustrations and
Plans. Demy 8v0. 15$.

M. E. Roberts. See C. C. Channer.

A. Robertson, D.D., Principal of King's
College, London. REGNUM DEI. The
Bampton Lectures of 1901. Demy &vo.
i2s. 6d. net.

'A notable volume. Its chief value and
interest is in its historic treatment of its

great theme.
'

Daily News.
'
It is altogether a solid piece of work and

a valuable contribution to the history of
Christian thought.' Scotsman.

Sir G. S. Robertson, K. C. S. I. CHITRAL :

The Story of a Minor Siege. With numer-
ous Illustrations, Map and Plans. Second
Edition. Demy 8z>0. los. >d.

'A book which the Elizabethans would
have thought wonderful. More thrilling,
more piquant, and more human than any
novel.

1

Newcastle Chronicle.

J. W. Robertson-Scott. THE PEOPLE
OF CHINA. With a Map. Crown 8vo.

3j. 6d.

A. W. Robinson, M.A. THE EPISTLE TO
THE GALATIANS. Explained. Fcaf.
8v0. is. 6d. net. [Churchman's Bible.

1 The most attractive, sensible, and in-

structive manual for people at large, which
we have ever seen.' Church Gazette.

Cecilia Robinson. THE MINISTRY OF
DEACONESSES. With an Introduction

by the Lord Bishop of Winchester. Crown
8v0. 3^. 6d.

G. Rodwell, B.A. NEW TESTAMENT
GREEK. A Course for Beginners. With
a Preface by WALTER LOCK, D.D., Warden
of Keble College. Fcap. 8v0. 3*. 6d.

Fred Roe. ANCIENT COFFERS AND
CUPBOARDS: Their History and De-
scription. With many Illustrations. Quarto.

3, 35. net.

E. S. Roscoe. ROBERT HARLEY, EARL
OF OXFORD. Illustrated. Demy 8v0.

^s. 6d.
^

This is the only life ofHarley in existence.

Edward Rose. THE ROSE READER.
With numerous Illustrations. Crown 8vo.

2s. 6d. Also in 4 Parts. Parts /. andII.
6d. each ; Part III. 8d. ; Part IV. lot*.

A reader on a new and original plan.
The distinctive feature of this book is the

entire avoidance of irregularly-spelt words
until the pupil has thoroughly mastered
the principle of reading, and learned its

enjoyment. The reading of connected sen-
tences begins from the first page, before the
entire alphabet is introduced.

E. Denison ROSS, M.A. See W. Beckford

A. E. Ruble, M.A., Head Master of the

Royal Naval School, Eltham. THE GOS-
PEL ACCORDING TO ST. MARK.
Edited by. With three Maps. Crown 8vo.
is. 6d. [Methuen's Junior School Books.
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W. Clark Russell THE LIFE OF
ADMIRAL LORD COLLINGWOOD.
With Illustrations by F. BKANGWYN. Fourth
Edition. Crown Svo. 6s.

' A book which we should like to see in

the hands of every boy in the country."
St. James s Gazette.

St. Anselm, THE DEVOTIONS OF.
Edited by C. C. J. WEBB, M.A. Pott 8vo.

Cloth, 2S. ; leather, zs. 6d. net.

[Library of Devotion.

Viscount St. Gyres. THE LIFE OF
FRANCOIS DE FENELON. Illus-

trated. Demy %vo. IQS. 6d.
' We have in this admirable volume a most

valuable addition to our historical portrait

gallery.' Daily News.
St. Francis de Sales. ON THE LOVE
OF GOD. Edited by W. J. KNOX-LITTLE,
M.A. Pott %vo. Cloth, 2S. ; leather,
2s.dd.net. [Library of Devotion.

A. L. Salmon. CORNWALL. Illustrated

by B. C. BOULTER. Pott 8w. Cloth, 3s. ;

leather, 3*. 6d. net'. [The Little Guides.

J. Sargeaunt,M.A. ANNALS OF WEST-
MINSTER SCHOOL. With numerous
Illustrations. Demy 8vo. js. 6d.

C. Sathas. THE HISTORY OF
PSELLUS. Demy 8vo. 155. net.

[Byzantine Texts.

H.G. Seeley, F.R.S. DRAGONS OF THE
AIR. With many Illustrations. Crown
Zvo. 6s.

A popular history of the most remarkable

flying animals which ever lived. Their rela-

tions to mammals, birds, and reptiles, living
and extinct, are shown by an original series

of illustrations.

V. P. Sells, M.A. THE MECHANICS
OF DAILY LIFE. Illustrated. Crown
Bvo. zs. 6d. [University Extension Series.

Edmund Selous. TOMMY SMITH'S
ANIMALS. Illustrated by G.-W. ORD.
Second Edition. Fcap. 8p<?.

zs. 6d.

'A quaint, fascinating little book : a nur-

sery classic.' Athencevm.

William Shakespeare.
THE ARDEN EDITION.
Demy 8vo. 3^. 6d. each volume. General

Editor, W. J. CRAIG. An Edition of

Shakespeare in single Plays. Edited with
a full Introduction, Textual Notes, and
a Commentary at the foot ofthe page.
'No edition of Shakespeare is likely to

prove more attractive and satisfactory than
this one. It is beautifully printed and paged
and handsomely and simply bound.'

St. James's Gazette.
HAMLET. Edited by EDWARD DOWDEN,

Litt.D.

ROMEO AND JULIET. . Edited by
EDWARD DOWDEN, Litt.D.

KING LEAR. Edited by W. J. CRAIG.

JULIUS CAESAR. Edited by M. MAC-
MILLAN, M.A.

THE TEMPEST. Edited by MORTON
LUCE.

A. Sharp. VICTORIAN POETS. Crown.
8z><7. 2S. 6d. [University Extension Series.

J. S. ShedlOCk. THE PIANOFORTE
SONATA : Its Origin and Development.
Crown %>vo. 55.

Arthur Sherwell, M.A. LIFE IN WEST
LONDON Third Edition. Crown 8vo.

2S. 6d. [Social Questions Series.

Evan Small, M.A. THE EARTH. An
Introduction to Physiography. Illustrated.

Crown 8z>o. zs. 6d.

[University Extension Series.

NOWell C. Smith, Fellow of New College,
Oxford. SELECTIONS FROM
WORDSWORTH. Pott 8vo. Cloth,
is. 6d. net; leather, zs. 6d. net.

[Little Library.

Sophocles. ELECTRA AND AJAX.
Translated by E. D. A. MORSHEAD, M.A.,
Assistant Master at Winchester, as. 6d.

[Classical Translations.

R. Southey. ENGLISH SEAMEN
(Howard, Clifford, Hawkins, Drake, Caven-
dish). Edited, with an Introduction, by
DAVID HANNAY. Second Edition. Crown
8vo. 6s.

' A brave, inspiriting book.' Black and
White.

C. H. Spence, M.A., Clifton College. HIS-
TORY AND GEOGRAPHY EXAM-
INATION PAPERS. Second Edition.
Crown 8z/0. zs. 6d.

[School Examination Series.

W. A. SpOOner, M. A., Fellow ofNew College,
Oxford. BISHOP BUTLER. With Por-
trait. Crown Zvo. 3$. 6d.

[Leaders of Religion.

J. W. Stanblldge, B.D., Rector of Bainton,
Canon of York, and sometime Fellow of St.

John's College, Oxford. A BOOK OF
DEVOTIONS. Pott Zvo. Cloth, zs. ;

leather, zs. 6d, net. [Library of Devotion.
1
It is probably the best book of its kind.

It deserves high commendation.' Church
Gazette.
See also Cardinal Bona.

'Stancliffe.' GOLF DO'S AND DONT'S.
Second Edition. Fcap. 8z>0, is.

A. M. M. Stedman, M.A.
INITIA LATINA : Easy Lessons on Ele-

mentary Accidence. Sixth Edition. Fcap.
%VO. IS.

FIRST LATIN LESSONS. Sixth Edition.
Crown 8vo. zs.

FIRST LATIN READER. With Notes

adapted to the Shorter Latin Primer and
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Vocabulary. Sixth Edition revised. i8mo.
is. 6d.

EASY SELECTIONS FROM C/ESAR.
The Helvetian War. Second Edition.
i8;#0. is.

EASY SELECTIONS FROM LIVY. Part i.

The Kings of Rome. iSmo. Second Edi-
tion, is. 6d.

EASY LATIN PASSAGES FOR UNSEEN
TRANSLATION. Eighth Edition.

Fcap. 8vo. is. 6d.

EXEMPLA LATINA. First Lessons in

Latin Accidence. With Vocabulary. Crown

EASY LATIN EXERCISES ON THE
SYNTAX OF THE SHORTER AND
REVISED LATIN PRIMER. With
Vocabulary. Ninth and Cheaper Edition,
re-written. Crown 8v0. is. 6d. KEY,
3$. net. Original Edition, zs. 6d.

THE LATIN COMPOUND SENTENCE :

Rules and Exercises. Second Edition.
Crown 8v0. is. 6d. With Vocabulary, zs.

NOTANDA QUAEDAM : Miscellaneous
Latin Exercises on Common Rules and
Idioms. Fourth Edition. Fcap. 8v0. is, 6d.

With Vocabulary, zs. Key, 2$. net.

LATIN VOCABULARIES FOR REPETI-
TION : Arranged according to Subjects.
Eleventh Edition. Fcap. 8z>0. is. 6d.

A VOCABULARY OF LATIN IDIOMS.
i8fn0. Second Edition, is,

STEPS TO GREEK. Second Edition, re-

vised. i8mo. is.

A SHORTER GREEK PRIMER. Crown
8v0. is. 6d.

EASY GREEK PASSAGES FOR UNSEEN
TRANSLATION. ThirdEdition, re-vised.

Fcap. 8v0. is. 6d.

GREEK VOCABULARIES FOR REPETI-
TION. Arranged according to Subjects.
Third Edition. Fcap. 8v0. is. 6d.

GREEK TESTAMENT SELECTIONS.
For the use of Schools. With Introduction,
Notes, and Vocabulary. Third Edition.

Fcap. 8v0. zs. 6d.

STEPS TO FRENCH. Sixth Edition.
i8m0. 8d.

FIRST FRENCH LESSONS. Sixth Edi-

tion, revised. Crown 8v0. is.

EASY FRENCH PASSAGES FOR UN-
SEEN TRANSLATION. Fifth Edi-
tion, revised. Fcap. 8v0. is. 6d.

EASY FRENCH EXERCISES ON ELE-
MENTARY SYNTAX. With Vocabulary.
Second Edition. Crown 8v0. zs. 6d. KEY.

3*. net.

FRENCH VOCABULARIES FOR RE-
PETITION : Arranged according to Sub-

jects. Ttnth Edition. Fcap. 8v0. is.

FRENCH EXAMINATION PAPERS IN
MISCELLANEOUS GRAMMAR AND
IDIOMS. Twejlth Edition. Crown 8vo.

zs. 6d. [School Examination Series.

A KEY, Issued to Tutors and Private
Students only, to be had on application
to the Publishers. Fifth Edition.
Crown 8u0, 6s. net.

GENERAL KNOWLEDGE EXAMINA-
TION PAPERS. Fourth Edition. Crown
Sv0. zs. 6d. [School Examination Series.

KEY {Second Edition) issued as above.

js. net.

GREEK EXAMINATION PAPERS IN
MISCELLANEOUS GRAMMAR AND
IDIOMS. Sixth Edition. Crown 8vo.

zs. 6d. [School Examination Series.

KEY {Third Edition) issued as above.
6s. net.

LATIN EXAMINATION PAPERS IN
MISCELLANEOUS GRAMMAR AND
IDIOMS. Eleventh Edition. Crown 8vo.

es. 6d. [School Examination Series.

KEY (Fourth Edition) issued as above.
6s. net.

E. Elliott Steel, M.A., F.C.S. THE
WORLD OF SCIENCE. Including
Chemistry, Heat, Light, Sound, Magnetism,
Electricity, Botany, Zoology, Physiology,
Astronomy, and Geology. 147 Illustrations.

Second Edition. Crown 8vo. zs. 6d.

PHYSICS EXAMINATION PAPERS.
Crown 8v0. zs. 6d.

[School Examination Series.

C. StephensOH, of the Technical College,
Bradford, and F. SuddardS, of the York-
shire College, Leeds. ORNAMENTAL
DESIGN FOR WOVEN FABRICS.
Demy 8vo. Second Edition, js. 6d.

J. Stephenson, M.A. THE CHIEF
TRUTHS OF THE CHRISTIAN
FAITH. Crman 8v0. 3*. 6d.

An attempt to present in clear and popular
form the main truths of the Faith. The
book is intended for lay workers in the

Church, for educated parents and for

teachers generally.

Laurence sterae. A SENTIMENTAL
JOURNEY. Edited by H. W. PAUL.
Pott 8vo. Cloth, is. 6d. net; leather,
zs. 6d. net. [Little Library.

W. Sterry, M.A. ANNALS OF ETON
COLLEGE. With numerous Illustrations.

Demy 8vo. js. 6d.

KatherineSteuart. BYALLAN WATER.
Second Edition. Crown 8v0. 6s,

' A delightful mixture of fiction and fact,
tradition and history. There is not a page
which is not informing and not entertaining.

Spectator^
' A charming book.' Glasgow Herald,
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' Has a unique charm.
1

Pilot.
' A unique series of historical pictures.

'

Manchester Guardian.

R. L. Stevenson. THE LETTERS OF
ROBERT LOUIS STEVENSON TO
HIS FAMILY AND FRIENDS.
Selected and Edited, with Notes and Intro-

ductions, by SIDNEY COLVIN. Sixth and
Cheaper Edition, Crown 8vo. i 2S.

LIBRARY EDITION. DemySvo. zvols. 25*. net.

'Irresistible in theirraciness.their variety,
their animation ... of extraordinary
fascination. A delightful inheritance, the
truest

^

record of a "richly compounded
spirit

"
that the literature of our time has

preserved.
'

Times.

VAILIMA LETTERS. With an Etched
Portrait by WILLIAM STRANG. Third
Edition. Crown 8v0. Buckram. 6s.

THE LIFE OF R. L. STEVENSON. See
G. Balfour.

E. D. Stone, M.A., late Assistant Master at
Eton. SELECTIONS FROM THE
ODYSSEY. Fcap. 8v0. is. 6d.

Charles Strachey. See Chesterfield.

A. W. Streane, D.D. ECCLESIASTES.
Explained. Fcap. Svo. is. 6d. net.

[Churchman's Bible.
'

Scholarly, suggestive, and particularly
interesting.

' Bookman.
Clement E. Stretton. A HISTORY OF
THE MIDLAND RAILWAY. With
numerous Illustrations. Demy'&vo. izs.6d.

H. Stroud, D.Sc., M.A., Professor of Physics
in the Durham College of Science, New-
castle-on-Tyne. PRACTICAL PHYSICS.
Fully Illustrated. Crown 8vo. 3$. 6d.

[Textbooks of Technology.

Capt Donald Stuart. THE STRUGGLE
FOR PERSIA. With a Map. Crown
8vo. 6s.

f
Is indispensable to any student of inter-

national politics in the Middle East.'

Daily Chronicle.

F. Suddards. See C. Stephenson.

Jonathan Swift. THE JOURNAL TO
STELLA. Edited by G. A. AITKEN.
Crown^vo. 6s. [Methuen'sStandardLibrary.

J. E. Symes, M.A. THE FRENCH
REVOLUTION. Crown 8v0. 2S. 6d.

[University Extension Series.

TacitUS. AGRICOLA. With Introduction,
Notes, Map, etc. By R. F. DAVIS, M.A.,
late Assistant Master at Weymouth College.
Crcnun 8v0. 2s.

GERMANIA. By the same Editor. Crown
8V0. 2S.

AGRICOLAAND GERMANIA. Translated

by R. B. TOWNSHEND, late Scholar of

Trinity College, Cambridge. Crown Bvo.
2s. 6d. [Classical Translations.

J. Tauier. THE INNER WAY. Being
Thirty-six Sermons for Festivals by JOHN
TAULER. Edited, with an Introduction.

By A. W. HUTTON, M.A. Pott 8vo. Cloth,
25. ; leather, 2S. 6d. net.

[Library of Devotion.
E. L. Taunton. A HISTORY OF THE
JESUITS IN ENGLAND. With Illus-

trations. Demy %vo. zis. net.
'A history of permanent value, which

covers ground never properly investigated
before, and is replete with the results of

original research. A most interesting and
careful book.' Literature.

F. G. Taylor, M.A. COMMERCIAL
ARITHMETIC. Third Edition. Crown
8v0. is. 6d. [Commercial Series.

Miss J. A. Taylor. SIR WALTER
RALEIGH. With 12 Illustrations. Fcap.
8vo. Cloth, 35. ftd. ; leather 45. net.

[Little Biographies.
T. M. Taylor, M.A., Fellow of Gonvilleand

Caius College, Cambridge. A CONSTI-
TUTIONAL AND POLITICAL HIS-
TORY OF ROME. Crown 8vo. ys. 6d.

' We fully recognise the value of this

carefully written work, and admire especially
the fairness and sobriety of hisjudgment and
the human interest with which he has in-

spired his subject.' Athenceum.

Alfred, Lord Tennyson. THE EARLY
POEMS OF. Edited, with Notes and an
Introduction, by J. CHURTON COLLINS,
M.A. Crown 8r>0. 6s.

[Methuen's Standard Library.
Also with 10 Illustrations in Photogravure

by W. E. F. BRITTEN. Demy 8v0. los. 6d.
An elaborate edition of the celebrated

volume which was published in its final and
definitive form in 1853.

IN MEMORIAM, MAUD, AND THE
PRINCESS. Edited by J. CHURTON
COLLINS, M.A. Crown Zvo. 6s.

[Methuen's Standard Library.
MAUD. Edited by ELIZABETH WORDS-

WORTH. Pott 8v0. Cloth, is. 6d. net ;

leather, 25. 6d. net. [Little Library.
IN MEMORIAM. Edited, with an Intro-

duction and Notes, by H. C. BEECHING,
M.A. Pott 8v0. Cloth, is. (,d. net;
leather, 2s. 6d. net. [Little Library.

THE EARLY POEMS OF. Edited by J
C. COLLINS, M.A. PottZvo. Cloth, is. 6d.

net; leather, 2S. 6d. net. [Little Library.
THE PRINCESS. Edited by ELIZABETH
WORDSWORTH. Pott 8v0. Cloth, is. 6d.

net; leather, zs. 6d. net. [Little Library.

Alice Terton. LIGHTS AND SHADOWS
IN A HOSPITAL. Crown tow. ?s. 6d.

W. M. Thackeray.. VANITY FAIR.
With an Introduction by S. GWYNN. Three
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Volumes. Pott 8vo. Each volume, cloth,
is. 6d. net ; leather, zs. 6d. net.

[Little Library.
PENDENNIS. Edited by S. GWYNN.

Three Volumes. Pott Bvo. Each -volume,

cloth, is. 6d. net leather, zs. 6d. net.

[Little Library.
ESMOND. Edited by STEPHEN GWYNN.
Two volumes. Pott Bvo. Each Volume,
cloth, is. 6d. net ; leather, zs. 6d. net.

[Little Library.
F. W. Theobald, M.A. INSECT LIFE.

Illustrated. Crown Bvo. zs. 6d.

[University Extension Series.

A. H. Thompson. CAMBRIDGE AND
ITS COLLEGES. Illustrated by E. H.
NEW. Pott Bvo. Cloth, y.; leather,

35. 6d. net. [Little Guides.
'It is brightly written and learned, and

is just such a book as a cultured visitor

needs.
'

Scotsman.

Paget Toynbee, Litt.D., M.A. See Dante.
DANTE STUDIES AND RESEARCHES.
Demy BTO. los. 6d. net.

THE LIFE OF DANTE ALIGHIERI.
With 12 Illustrations. Second Edition.

Fcap. Bvo. Cloth, %s. 6d.; leather, 4$.
net. [Little Biographies.

Herbert Trench. DEIRDRE WED : and
Other Poems. Crown. Bvo. $s.

G, E. Troutbeck. WESTMINSTER
ABBEY. Illustrated by F. D. BEDFORD.
Pott Bvo. Cloth, y. ; leather, y. 6d. net.

[Little Guides.
' In comeliness, and perhaps in complete-

ness, this work must take the first place.'

Academy.
1 A really first-rate guide-book.'

Literature.
Gertrude Tuckwell. THE STATE AND

ITS CHILDREN. Crown Bvo. zs. 6d.

[Social Questions Series.

Louisa Twining. WORKHOUSES AND
PAUPERISM. Crown Bvo. zs. 6d.

[Social Questions Series.

E. A. Tyler. A JUNIOR CHEMISTRY.
With 73 Illustrations. Crown Bvo. zs. 6d.

[Methuen's Junior School Books.
G. W. Wade, D.D. OLD TESTAMENT
HISTORY. With Maps. Second Edition.
Crown Bvo. 6s.

'Careful, scholarly, embodying the best

results of modern criticism, and written

with great lucidity.' Examiner.
Izaak Walton. THE LIVES OF DONNE,
WOTTON, HOOKER, HERBERT AND
SANDERSON. With an Introduction by
VERNON BLACKBURN, and a Portrait. 3$. 6d.

THE COMPLEAT ANGLER. Edited by
J. BUCHAN. Pott Bvo. Cloth, is. 6d. net ;

leather, zs. 6d. net. [Little Library.
D. S. Van Warmelo. ON COMMANDO.

With Portrait. Crown Bvo. 35. 6d.
' A fighting Boer's simple, straightforward

story of his life on commando. . . . Full of

entertaining incidents.
'

Pall Mall Gazette.

Grace Warrack. See Lady Julian of Nor-
wich.

Mrs. Alfred Waterhouse. A LITTLE
BOOK OF LIFE AND DEATH. Edited

by. Secona Edition. Pott Bvo. Cloth,is.6d.
net; leather, zs. 6d. net. [Little Library.

C. C. J. Webb, M.A. See St. Anselm.
F. C. Webber. CARPENTRY AND
JOINERY. With many Illustrations.

Third Edition. Crown Bvo. 35. 6d.

'An admirable elementary text-book on
the subject.' Builder.

Sidney H. Wells. PRACTICAL ME-
CHANICS. With 75 Illustrations and

Diagrams. Second Edition. Crown Bvo.

?s. 6d. [Textbooks of Technology.
J. WellS, M.A., Fellow and Tutor of Wadham

College. OXFORD AND OXFORD
LIFE. By Members of the University.
Third Edition Crown Bvo. 35. 6d.

A SHORT HISTORY OF ROME. Fourth
Edition. With 3 Maps. Cr. Bvo. 3*. 6cl.

This book is intended for the Middle and

Upper Forms of Public Schools and for

Pass Students at the Universities. It con-

tains copious Tables, etc.
' An original work written on an original

plan, and with uncommon freshness and

vigour.
'

Speaker.
OXFORD AND ITS COLLEGES. Illus-

trated by E. H. New. Fifth Edition.

Pott Bvo. Cloth, y. ; leather, 35. 6d. net.

[Little Guides.

'An admirable and accurate little treat-

ise, attractively illustrated.' World.
Helen C. Wetmore. THE LAST OF THE
GREAT SCOUTS (' Buffalo Bill '). With
Illustrations. SecondEdition. Demy Bvo. 6s.

' A narrative of one of the most attractive

figures in the public eye." Daily Chronicle.

C. WMbley. See Henley and Whibley.
L. WMbley, M.A., Fellow of Pembroke

College, Cambridge. GREEK OLIGAR-
CHIES: THEIR ORGANISATION
AND CHARACTER. Crown Bvo. 6s.

G. H. Whitaker, M.A. THE EPISTLE
OF ST. PAUL THE APOSTLE TO
THE EPHESIANS. Edited by. Fcap.
Bvo. is. 6d. net. [Churchman's Bible.

Gilbert White. THE NATURAL HIS-
TORY OF SELBORNE. Edited by
L. C. MIALL, F.R.S., assisted by W.
WARDE FOWLER, M.A. Crown Bvo. 6s.

[Methuen's Standard Library.
E. E. Whitfield. PRECIS WRITING
AND OFFICE CORRESPONDENCE.
Second Edition. Crown Bvo. zs.

[Commercial Series.

COMMERCIAL EDUCATION IN
THEORY AND PRACTICE. Crown
Bvo. 55.
An introduction to Methuen's Commercial

Series treating the question of Commercial
Education fully from both the point of view
of the teacher and of the parent.

[Commercial Series.
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MiSS Whitley. See Lady Dilke.
W. H. Wilkins, B.A. THE ALIEN
INVASION. Crown Svo. zs. 6d.

[Social Questions Series.

W. Williamson. THE BRITISH GAR-
DENER. Illustrated. Dewy 8vo. los. 6ct,

W.Williamson, B.A. JUNIOR ENGLISH
EXAMINATION PAPERS. Fcap. Zvo.

is. [Junior Examination Series.

A JUNIOR ENGLISH GRAMMAR. With
numerous passages for parsing and analysis,
and a chapter on Essay Writing. Crown
87/0. 2S. [Methuen's Junior School Books.

A CLASS-BOOK OF DICTATION
PASSAGES. Seventh Edition. Croivnlvo.
is. 6d. [Methuen's Junior School Books.

EASY DICTATION AND SPELLING.
Second Edition. Fcap. 8vo. is.

E. M. Wilmot-Buxton. THE MAKERS
OF EUROPE. Crown Bv0. 3*. 6d.
A Text-book of European History for

Middle Forms.
' A book which will be found extremely

useful.' Secondary Education.
Beetles Willson. LORD STRATHCONA:

the Story of his Life. Illustrated. Demy
&vo. 75. 6d.
'An admirable biography, telling in the

happiest manner the wonderful career of this

giant of empire.' Black and White.
' We should be glad to see this work taken

as a model for imitation. He has given us an
excellent and quite adequate account of the
life of the distinguished Scotsman.' World.

Richard Wilton, M.A., Canon of York.
LYRA PASTORALIS : Songs of Nature,
Church, and Home. Pott Zvo. ss. 6d.
A volume of devotional poems.

S. E. WinbOlt, M.A., Assistant Master in

Christ's Hospital. EXERCISES IN
LATIN ACCIDENCE. CrownSvo. is.6d.

An elementary book adapted for Lower
Forms to accompany the Shorter Latin
Primer.

B. C. A. Windle, F.R.S., D.Sc. SHAKE-
SPEARE'S COUNTRY. IllustratMT by
E. H. NEW. Second Edition. Pott 8vo.

c One of the most charming guide books.
Both for the library and as a travelling

companion the book is equally choice and
serviceable.

'

Academy.
THE MALVERN COUNTRY. Illustrated

by E. H. NEW. Pott 8vo. Cloth, 3*.;
leather, 3^. 6d. net. [Little Guides.

Canon Winterbotham, M.A., B.SC., LL.B.
THE KINGDOM OF HEAVEN HERE
AND HEREAFTER. Crown Bvo. y.6d.

[Churchman's Library.
J. A. E. Wood. HOW TO MAKE A
DRESS. Illustrated. Second Edition.
Crown &vo. is. 6d.

[Text Books of Technology.
Elizabeth Wordsworth. See Tennyson.
Arthur Wright, M.A.; Fellow of Queen's

College, Cambridge. SOME NEW
TESTAMENT PROBLEMS. Crtnvn
8vo. 6s. [Churchman's Library.

Sophie Wright. GERMAN VOCABU-
LARIES FOR REPETITION. Fcap.
8vo. is. 6d.

A. B. Wylde. MODERN ABYSSINIA.
With a Map and a Portrait. DemyZvo.

G. Wyndham, M.P. THE POEMS OF
WILLIAM SHAKESPEARE. With an
Introduction and Notes. Demy 8v0. Buck-
ram, gilt top. los. 6d.

1 We have no hesitation in describing Mr.

George Wyndham's introduction as a
masterly piece of criticism, and all who love

our Elizabethan literature will find a very
garden of delight in it.

'

Spectator.
W. B. YeatS. AN ANTHOLOGY OF
IRISH VERSE. Revised and Enlarged
Edition. Crown Zvo. is. 6d.

T.M. Young. THEAMERICAN COTTON
INDUSTRY: A Study of Work and
Workers. With an Introduction by ELIJAH
HELM, Secretary to the Manchester
Chamber of Commerce. Crown 8vo. Cloth,
zs. 6d. ; paper boards, is. 6d.

'Thorough, comprehensive, disconcert-

ing.' St. James's Gazette.
1 Able and interesting ; a really excellent

contribution.
'

Pilot.Cloth, 3-r.; leather, ^s.6d. net. [Little Guides.

.flfcetbuen's StanfcarD
Crown 8vo. 6s. each Volume.

'A series which, by the beauty and excellence of production as well as by the qualifications of

its editors, is one of the best things now to be found in the book market.' ManchesterGuardian.
LIFE AND WRITINGS. By
Edited by G. Birkbeck Hill,

MEMOIRS OF MY
Edward Gibbon.
LL.D.

THE DECLINE AND FALL OF THE ROMAN
EMPIRE. By Edward Gibbon. Edited by J. B.

Bury, LL.D. In Seven Volumes. Also. Demy
8vo. Gilt top. 8s. 6d. each.

THH NATURAL HISTORY OF SELBORNE. By
Gilbert White. Edited by L. C. Miall, F.R.S.,
Assisted by W. Warde Fowler, M.A.

THE HISTORY OF THE LIFE OF THOMAS ELL-
WOOD. Edited by C. G. Crump, M.A.

LA COMMEDIA Di DANTE ALIGHIERI. The Italian

Text. Edited by Paget Toynbce, Litt.D., M.A.
Also, Demy &vo. Gilt top. Ss. 6.t.

THEEARLYPOEMSOF ALFRED, LORD TENNYSON
Edited by J. Churton Collins, M.A.

IN MEMORIAM, MAUD, AND THE PRINCESS. By
Alfred, Lord Tennyson. Edited by J. Churton
Collins. M.A.

THE JOURNAL TO STELLA. By Jonathan Swift.

Edited by G. A. Aitken, M.A.
THE LETTERS OF LORD CHESTERFIELD TO HIS

SON. Edited by C. Strachey, and Notes by A.

Calthrop. Two Volumes.
CRITICAL AND HISTORICAL ESSAYS. By Lord

Macaulay. Edited by F. C. Montague, M.A.
Three Volumes.

THE FRENCH REVOLUTION. By Thomas Carlyle.
Edited by C. R. L. Fletcher, Fellow of Magdalen
College, Oxford. Three Volumes.
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ZACHARIAH OF MITYLENE. Translated by F. J.

Hamilton, D.D., and E. W. Brooks. Demy 8vo.
I2S. 6d. net.

EVAGRIUS. Edited by Le"on Parmentier and M.
Bidez. Demy Svo. los. (xt. net.

Edited by J. B. BURY, M.A., Litt.D.

THE HISTORY OF PSELLUS. Edited by C. Sathas.

Demy Svo. 15.?. net.

ECTHESIS CHRONICA. Edited by Professor Lamb-
ros. Demy Svo. js. 6d. net.

Cbe xtttle Xtbratfi
With Introductions, Notes, and Photogravure Frontispieces.

Pott 8vo. Each Volume, cloth, is. 6d. net ; leather, 2s. 6d. net.

'Altogether good to look upon, and to handle.'- Outlook.
' A perfect series.' Pilot.
1
It is difficult to conceive more attractive volumes.' St.

'

Very delicious little books.' Literature.

VANITY FAIR. By W. M. Thackeray. Edited by
S. Gwynn. Three Volumes.

PENDENNIS. By W. M. Thackeray. Edited by S.

Gwynn. Three Volumes.
ESMOND. By W. M. Thackeray. Edited by

Stephen Gwynn. Two Volumes.
JOHN HALIFAX, GENTLEMAN. By Mrs. Craik.

Edited by Annie Matheson. Two Volumes.
PRIDE AND PREJUDICE. By Jane Austen. Edited

by E. V. Lucas. T-wo Volumes.
NORTHANGER ABBEY. By Jane Austen. Edited

by E. V. Lucas.
THE PRINCESS. By Alfred, Lord Tennyson. Edited

by Elizabeth Wordsworth.
MAUD. By Alfred, Lord Tennyson. Edited by

Elizabeth Wordsworth..
IN MEMORIAM. By Alfred, Lord Tennyson. Edited

by H. C. Beeching, M.A.
THE EARLY POEMS OF ALFRED,LORD TENNYSON.

Edited by J. C. Collins, M.A.
A LITTLE BOOK OF ENGLISH LYRICS. With

Notes.
THE INFERNO OF DANTE. Translated by H. F.

Gary. Edited by Paget Toynbee, Litt.D., M.A.
THE PURGATORIO OF DANTE. Translated by H.

F. Gary. Edited by Paget Toynbee, Litt.D., M.A.
THE PARADISO OF DANTE. Translated by H. F.

Gary. Edited by Paget Toynbee, Litt.D., M.A.
A LITTLE BOOK OF SCOTTISH VERSE. Edited by

T. F. Hendetson.
A LITTLE BOOK OF LIGHT VERSE. Edited by A.

C. Deane.
A LITTLE BOOK OF ENGLISH SONNETS. Edited

by J. B. B. Nichols.
SELECTIONS FROM WORDSWORTH. Edited by

Nowejl C. Smith.

James s Gazette.

SELECTIONS FROM THEEARLY POEMS OF ROBERT
BROWNING. Edited by W. Hall Griffin, M.A.

THE ENGLISH POEMS OF RICHARD CRASHAW.
Edited by Edward Hutton.

SELECTIONS FROM WILLIAM BLAKE. Edited by
M. Perugini.

A LITTLE BOOK OF LIFE AND DEATH. Edited by
Mrs. Alfred Waterhouse.

A LITTLE BOOK OF ENGLISH PROSE. Edited by'
Mrs. P. A. Barnett.

EOTHEN. By A. W. Kinglake. With an Introduction
and Notes.

CRANFORD. By Mrs. Gaskell. Edited by E. V.
Lucas.

LAYENGRO. By George Borrow. Edited by F.
Hindes Groome. Ttu Volumes.

THE HISTORY OF THE CALIPH VATHEK. By
William Beckford. Edited by E. Denison Ross.

THE COMPLEAT ANGLER. By Izaak Walton.
Edited by J. Buchan.

MARRIAGE. By Susan Ferrier. Edited by Miss
Goodrich - Freer and Lord Iddesleigh. Two
Volumes.

THE INHERITANCE. By Susan Ferrier. Edited by
Miss Goodrich-Freer and Lord Iddesleigh. T-wo
Volume*.

ELIA, AND THE LAST ESSAYS OF ELIA. By Charles
Lamb. Edited by E. V. Lucas.

A SENTIMENTAL JOURNEY. By Laurence Sterne.
Edited by H. W. Paul.

MANSIE WAUCH. By D. M. Moir. Edited by T.
F. Henderson.

THE INGOLDSBY LEGENDS. By R. H. Baxoam.
Edited by J. B. Atlay. Two Volumes.

THE SCARLET LETTER. By Nathaniel Hawthorne.

Cbe ftittle (Butoes

Pott 8vo, cloth, 3^.; leather, 35. 6d. net.

OXFORD AND ITS COLLEGES. By J. Wells, M.A.
Illustrated by E. H. New. Fourth Edition.

CAMBRIDGE AND ITS COLLEGES. By A. Hamilton
Thompson. Illustrated by E. H. New.

THE MALVERN COUNTRY. By B. C. A. Windle,
D.Sc., F.R.S. Illustrated by E. H. New.

SHAKESPEARE'S COUNTRY. By B. C. A. Windle,
D.Sc., F.R.S. Illustrated by E. H. New. Second
Edition.

SUSSEX. By F. G. Brabant. M.A. Illustrated by E.
H. New.

WESTMINSTER ABBEY. By G. E. Troutbeck.
Illustrated by F. D. Bedford.

NORFOLK. By W. A. Dutt. Illustrated by B. C.
Boulter.

CORNWALL. By A. L. Salmon. Illustrated by B. C.
Boulter.

BRITTANY. By S. Baring-Gould. Illustrated by J.

Wylie.

THE ENGLISH LAKES. By F. G. Brabant, M.A.
Illustrated by E. H. New. 4*. / leather. 4*. 6ct. net.
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Fcap. 8vo. Each volume, cloth, 3^. 6d. ; leather, 4^. net.

TENNYSON. By A. C. Benson, M.A. With 12 Illus-DANTE ALIGHIERI. By Paget Toynbee, Litt.D.,
M.A. With 12 Illustrations. Second Edition.

SAVONAROLA. By E. L. S. Horsburgh, M.A. With
Portraits and Illustrations.

JOHN HOWARD. By E. C. S. Gibson, D.D., Vicar of
Leeds. With 12 Illustrations.

trations.

WALTER RALEIGH
12 Illustrations.

ERASMUS. By E.
Illustrations.

By Miss J. A. Taylor. With

F. H. CAPEY. With 12

Xittle ffilue ffioofcs

General Editor, E. V, LUCAS.
Illustrated. Square Fcap. 8vo. 2s. 6d.

1

Very elegant and very interesting volumes.' Glasgow Herald.
'A delightful series of diminutive volumes.' IVarid.
'The series should be a favourite among juveniles.' Observer.

1. THE CASTAWAYS OF MEADOWBANK. By T. COBB.
2. THE BEECHNUT BOOK. By JACOB ABBOTT. Edited by E. V. LUCAS.
3. THE AIR GUN. By T. HILBERT.
4. A SCHOOL YEAR. By NETTA SYRETT.
5. THE PEELES AT THE CAPITAL. By T. HILBERT,
6. THE TREASURE OF PRINCEGATE PRIORY. By T. COBB.

Xibrarg of Devotion
With Introductions and (where necessary) Notes.

Pott 8vo, cloth, 2s. ; leather, 2s. 6d. net.
1 This series is excellent.

' THE LATE BISHOP OF LONDON.
1 Well worth the attention of the Clergy.' THE BISHOP OF LICHFIELD.
' The new "

Library of Devotion
"

is excellent." THE BISHOP OF PETERBOROUGH.
'

Charming. 'Record.
'

Delightful.' Church Bells.

THE PSALMS OF DAVID. Edited by B. W. Ran-THE CONFESSIONS OF ST. AUGUSTINE. Edited by
C. Bigg, D.D. Third Edition.

THE CHRISTIAN YEAR. Edited by Walter Lock,
D.D. Second Edition.

THE IMITATION OF CHRIST. Edited by C. Bigg,
D.D. Second Edition.

A BOOK OF DEVOTIONS. Edited by J. W. Stan-

bridge, B.D.
LYRA INNOCENTIUM. Edited by Walter Lock, D.D.
A SERIOUS CALL TO A DEVOUT AND HOLY LIFE.

Edited by C. Bigg, D.D. Second Edition.

THE TEMPLE. Edited by E. C. S. Gibson, D.D.
A GUIDE TO ETERNITY. Edited by J. W. Stan,

bridge, B.D.

dolph, D.D.
LYRA APOSTOLICA. Edited by Canon Scott Holland

and H. C. Beeching, M.A.
THE INNER WAY. Edited by A. W. Hutton, M.A.
THE THOUGHTS OF PASCAL. Edited by C. S.

Jen-am, M.A.
ON THE LOVE OF GOD. Edited by W. J. Knox-

Little, M.A.
A MANUAL OF CONSOLATION FROM THE SAINTS

AND FATHERS. Edited by J. H. Burn, B.D.
THE SONG OF SONGS. Edited by B. Blaxland, M.A.
THE DEVOTIONS OF ST. ANSELM. Edited by C.

C. J. Webb, M.A.

Westminster Commentaries
General Editor, WALTER LOCK, D.D., Warden of Keble College,
Dean Ireland's Professor of Exegesis in the University of Oxford.

THE BOOK OF JOB. Edited by E. C. S. Gibson, I THE ACTS OF THE APOSTLES. Edited by R.
D.D. Demy 8vo. 6s. > Rackham, M.A. Demy &vo. us. 6d.

IbanDboofcs of
General Editor, A. ROBERTSON, D.D., Principal of King's College, London.

THE xxxix. ARTICLES OF THE CHURCH OF
ENGLAND. Edited by E. C. S. Gibson, D.D.
Third and Cheaper Edition in One Volume.

Demy %vo. i2j. 6d.

AN INTRODUCTION TO THE HISTORY
OF RELIGION. By F. B. Jevons, M.A., Litt.D.

Second Edition. Demy too. icxr. 6rf.

THE DOCTRINE OF THE INCARNATION. By R. L.

Ottley.M.A. Second and Cheaper Edition. Demy

AN INTRODUCTION TO THE HISTORY OF THE
CREEDS, By A. E. Burn, B.D. Demy 8v*. tos.

fxi.

THE PHILOSOPHY OF RELIGION IN ENGLAND AND
AMERICA. By Alfred Caldecott, D.D. Demy
8vo. tos. 6J.
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Gbutcbman's Xibratg
General Editor, J. H. BURN, B.D., F.R.S.E., Examining Chaplain to the

Bishop of Aberdeen.
THE BEGINNINGS OF ENGLISH CHRISTIANITY.

By W. E. Collins, M.A. With Map. Crown Svo.

3s. f>d.

SOME NEW TESTAMENT PROBLEMS. By Arthur
Wright, M.A. Crown Svo. 6s.

THE KINGDOM OF HEAVEN HERE AND HERE-
AFTER. By Canon Winterbotham, M.A., B.Sc.,
LL.B. Crown Svo. $s. 6d.

THE WORKMANSHIP OF THE PRAYER BOOK: Its

Literary and Liturgical Aspects. By J. Dowden,
D.D. Second Edition. Crown Bvo. ss. 6d.

EVOLUTION. By F. B. Jevons, M.A., Litt.D.

THE OLD TESTAMENT AND THE NEW SCHOLAR-
SHIP. By J. W. Peters, D.D. Crown Svo. 6s.

THE CHURCHMAN'S INTRODUCTION TO THE OLD
TESTAMENT. Edited by A. M. Mackay, B.A.
Crown Svo. $s. 6d.

THE CHURCH OF CHRIST ByE.T. Green, M.A.
Crown Svo. 6s.

COMPARATIVE THEOLOGY. By J. A. MacCulloch.
Crown Svo, 6s.

Cburcbman's JBfble
General Editor, J. H. BURN, B.D., F.R.S.E.

The volumes are practical and devotional, and the text of the Authorised
Version is explained in sections, which correspond as far as possible with the
Church Lectionary.
THE EPISTLE TO THE GALATIANS. Explained by

A. W. Robinson, M.A. Fcap. Svo. is. 6d. net.

ECCLESIASTES. Explained by A. W. Streane, D.D.

Fcap. Svo. is. 6d. net.

THE EPISTLE TO THE PHILIPPIANS. Explained
by C. R. D. Biggs, D.D. Fcap. Svo. is. 6ct. net.

THE EPISTLE OF ST. JAMES. Edited by H. W.
Fulford, M.A. Fcap. Svo. is. 6d. net.

ISAIAH. Edited by W. E. Barnes, D.D., Hulsaean
Professor of Divinity. 7'wo Volumes. Fcap. Svo.
is. net each. Vol.1. With Map.

THE EPISTLE OF ST. PAUL THE APOSTLE TO THE
EPHESIANS. Edited by G. H., Whitaker, M.A.
Fcap. Svo. is. 6d. net.

Xeafcers of IReligion
Edited by H. C. BEECHING, M.A. With Portraits. Crown Svo. y. 6d.

A series of short biographies of the most prominent leaders of religious life

and thought of all ages and countries.

CARDINAL NEWMAN. By R. H. Hutton.

JOHN WESLEY. By J. H. Overtoil, M.A.
BISHOP WiLBERFORCE. By G. W. Daniell, M.A.
CARDINAL MANNING. By A. W. Hutton, M.A.
CHARLES SIMEON. By H. C. G. Moule, D.D.
JOHN KEBLE. By Walter Lock, D.D.
THOMAS CHALMERS. By Mrs. Oliphant.
LANCELOT ANDREWES. By R. L. Ottley, M.A.
AUGUSTINE OF CANTERBURY. By E. L. CuttS,

D.D.
WILLIAM LAUD. By W. H. Hutton, M.A.

JOHN KNOX. By F. MacCunn.
JOHN HOWE. By R. F. Horton, D.D.
BISHOP KEN. By F. A. Clarke, M.A.
GEORGE Fox, THE QUAKER. By T. Hodgkin.

JOHN DONNE. By Augustus Jessopp, D.D.
THOMAS CRANMER. By A. J. Mason.
BISHOP LATIMER. By R. M. Carlyle and A. J.

Carlyle, M.A.
BISHOP BUTLER. By W. A. Spooner, M.A.

Social (Stuesttons of
Edited by H. DE B. GIBBINS, Litt.D., M.A.

Crown Svo. 2s. 6d.

TRADE UNIONISM NEW AND OLD. By G. Howell.
Third Edition.

THE CO-OPERATIVE MOVEMENT TO-DAY. By G.

J. Holyoake. Second Edition.
PROBLEMS OF POVERTY. By J. A. Hobson, M.A.

Fourth Edition.
THE COMMERCE OF NATIONS. By C. F. Bastable,

M.A. Second Edition.
THE ALIEN INVASION. By W. H. Wilkins, B.A.
THE RURAL EXODUS. By P. Anderson Graham.
LAND NATIONALIZATION. By Harold Cox, B.A.
A SHORTER WORKING DAY. By H. de B. Gibbins

and R. A. Hadfield.
BACK TO THE LAND: An Inquiry into Rural

Depopulation. By H. E. Moore.

TRUSTS, POOLS, AND CORNERS. By J. Stephen

THE FACTORY SYSTEM. By R. W. Cooke-Taylor.

THE STATE AND ITS CHILDREN. By Gertrude
Tuckwell.

WOMEN'S WORK. By Lady Dilke, Miss Bulley, and
Miss Whitley.

SOCIALISM AND MODERN THOUGHT. By M.
Kauffmann.

THE HOUSING OF THE WORKING CLASSES. By
E. Bowmaker.

THE PROBLEM OF THE UNEMPLOYED. By J. A.
Hobson, B.A.

LIFE IN WEST LONDON. By Arthur Sherwell, M.A.
Third Edition.

RAILWAY NATIONALIZATION. By Clement Ed-
wards.

WORKHOUSES AND PAUPERISM. By Louisa Twin-
ing*.

UNIVERSITY AND SOCIAL SETTLEMENTS. By w.
Reason, M.A.
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Edited by J. E. SYMES, M.A.,
Principal of University College, Nottingham.

Crown 8vo. Price (with some exceptions} 2s. 6d.

A series of books on historical, literary, and scientific subjects, suitable for

extension students and home-reading circles. Each volume is complete in

itself, and the subjects are treated by competent writers in a broad and philo-

sophic spirit.

THE CHEMISTRY OF FIRE. By M. M. Pattison
Muir, M.A. Illustrated.

A TEXT-BOOK OF AGRICULTURAL BOTANY. By
M. C. Potter, M.A., F.L.S. Illustrated. Second
Edition, ^s. 6d.

THE VAULT' OF HEAVEN. A Popular Introduction
to Astronomy. By R. A. Gregory. With numerous
Illustrations.

METEOROLOGY. By H. N. Dickson, F.R.S.E., F.R.
Met. Soc. Illustrated.

A MANUAL OF ELECTRICAL SCIENCE. By George
J. Burch, M.A., F.R.S. Illustrated, y.THE EARTH. An Introduction to Physiography.
By Evan Small, M.A. Illustrated.

INSECT LIFE. By F. W. Theobald, M.A. Illus-

trated.
ENGLISH POETRY FROM BLAKE TO BROWNING.

By W. M. Dixon, M.A. Second Edition.
ENGLISH LOCAL GOVERNMENT. By E. Jenks,

THE'GREEK VIEW OF LIFE. By G, L. Dickinson.
Second Edition.

THE INDUSTRIAL HISTORY OF ENGLAND. By H.
de B. Gibbins, Litt.D., M.A. Eighth Edition.
Revised. With Maps and Plans. &.

A HISTORY OF ENGLISH POLITICAL ECONOMY.
By L. L. Price, M.A. Third Edition.

PROBLEMS OF POVERTY. By J. A. Hobson, M.A.
Fourth Edition.

VICTORIAN POETS. By A. Sharp.
THE FRENCH REVOLUTION. By J. E. Symes, M.A.
PSYCHOLOGY. By S. F. Granger, M.A. Second

Edition.
THE EVOLUTION OF PLANT LIFE: Lower Forms.

By G. Massee. Illustrated.

AIR AND WATER. By V. B. Lewes, M.A. Illus-

trated.
THE CHEMISTRY OF LIFE AND HEALTH. By C.

W. Kimmins, M.A. Illustrated.

THE MECHANICS OF DAILY LIFE. By V. P. Sells,

M.A. Illustrated.

ENGLISH SOCIAL REFORMERS. By H. de B.

Gibbins, Litt.D., M.A. Second Edition.

ENGLISH TRADE AND FINANCE IN THE SEVEN-
TEENTH CENTURY. By W. A. S. Hewins, B.A.

dRetbuen's Commercial Series

Edited by H. DE B. GIBBINS, Litt.D., M.A.

COMMERCIAL EDUCATION IN THEORY AND
PRACTICE. By E. E. Whitfield, M.A.

An introduction to Methuen's Commercial Series

treating the question ofCommercial Education fully

from both the point of view of the teacher and of

the parent.

BRITISH COMMERCE AND COLONIES FROM ELIZA-
BETH TO VICTORIA. By H. de B. Gibbins,

LittD., M.A. Third Edition, zs.

COMMERCIAL EXAMINATION PAPERS. By H. de
B. Gibbins, Litt.D., M.A. is. 6d.

THE ECONOMICS OF COMMERCE. By H. de B.

Gibbins, Litt.D., M.A. is. 6d.

A GERMAN COMMERCIAL READER. By S. E. Bally,
With Vocabulary. ss.

A COMMERCIAL GEOGRAPHY OF THE BRITISH
EMPIRE, By L. W. Lyde, M.A. Third Edition.

By S. Jackson, M.A.

By F. G. Taylor,

By S.

2S.

1-y

A PRIMER OF BUSINESS.
Third Edition, is. 6ct.

COMMERCIAL ARITHMETIC.
M.A. Third Edition, is.

FRENCH COMMERCIAL CORRESPONDENCE.
E. Bally. With Vocabulary. Third Kditio .

GERMAN COMMERCIAL CORRESPONDENCE.
S. E. Bally. With Vocabulary, ar. 6d.

A FRENCH COMMERCIAL READER. By S. E. Bally.
With Vocabulary. Second Edition. 2s.

PRECIS WRITING AND OFFICE CORRESPONDENCE.
By E. E. Whitfield, M.A. Second Edition, vs.

A GUIDE TO PROFESSIONS AND BUSINESS. By H.

THE PRINCIPLE'S OF BOOK-KEEPING BY DOUBLE
ENTRY. By J. E. B. M'Allen, M.A. zs.

COMMERCIAL LAW. By W. Douglas Edwards. 2J.

A COMMERCIAL GEOGRAPHY OF FOREIGN
NATIONS. By F. C. Boon, B.A. zr;

Classical translations

Edited by H. F. Fox, M.A., Fellow and Tutor of Brasenose College, Oxford.

AESCHYLUS Agamemnon, Choephoroe, Eumenides.
Translated by Lewis Campbell, LL.D. cr.

CICERO De Oratore I. Translated by E. N. P.

Moor, M.A. y.6d.
CICERO Select Orations (Pro Milone, Pro Mureno,

Philippic II., in Catilinam). Translated by H. E.
D. Blakiston, M.A. 5*.

CICERO De Natura Deorum. Translated by F.

Brooks, M.A. ir. 6d.

CICERO De Officlis, Translated by G. B. Gardiner,
M.A. ss.64.

HORACE The Odes and Epodes. Translated by
A. Godley, M.A. as.

LUCIAN Six Dialogues (Nigrinus, Icaro-Menippus,
The Cock, The Ship, The Parasite, The Lorer of

Falsehood). Translated by S. T. Irwin, M.A.
3f. 6d.

SOPHOCLES Electra and Ajax. Translated by E.
D. A. Morshead, M.A. 2j. 6rf.

TACiTUS-Agricola and Germania. Translated by
R. B. Towushend. as. Cd,
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Edited by O. D. INSKIP, LL.D., and W. WILLIAMSON, B.A.
A CLASS-BOOK OF DICTATION PASSAGES. By \v.

Williamson, B.A. Seventh Edition, Crcrwn Svo.
is. txi.

THE GOSPEL ACCORDING TO ST. MARK. Edited
by A. K. Rubie, M.A., Headmaster of the Royal
Naval School, Eltbam. With Three Maps. Crown
Svo. is. 6d.

A JUNIOR ENGLISH GRAMMAR. By W. Williamson,
B.A. With numerous passages for parsing and
analysis, and a chapter on Essay Writing. Crown
Svo. sj.

A JUNIOR CHEMISTRY. By E. A. Tyler. B.A..
F.C.S., Science Master at Framlingham College.
With 73 Illustrations. Crown Svo. zs. 6d.

Scbool Examination Series
Edited by A. M. M. STEDMAN, M.A. Crown Svo. 2s. 6d.

HISTORYANDGEOGRAPHYEXAMINATIONPAPERS.
By C. H. Spence, M.A., Clifton College. Second
Edition.

PHYSICS EXAMINATION PAPERS. By R. E. steel,
M.A., F.C.S.

FRENCH EXAMINATION PAPERS. By A. M. M.
Stedman, M.A. Twelfth Edition.
A KEY, issued to Tutors and Private Students
only, to be had on application to the Publishers.

Fifth Edition. Crown Svo. 6s. net.

LATIN EXAMINATION PAPERS, By A. M. M.
Steclman, M . A. Eleventh Edition.
KEY (Fourth Edition) issued as above. 6s. net.

GREEK EXAMINATION PAPERS. By A. M. M.
Steclman, M.A. Sixth Edition.
KEY (Second Edition) issued as above. 6s. net.

GERMAN EXAMINATION PAPERS. By R. J. Morich.
Fifth Edition.
KEY (Second Edition) issued as above. 6s. net.

GENERAL KNOWLEDGE EXAMINATION PAPERS.
By A. M. M. Stedman, M.A. Fourth Edition.
KEY (Second Edition) issued as above, 7.5-. net.

EXAMINATION PAPERS IN ENGLISH HISTORY. By
J. Tait Plowden-Wardlaw, B.A. Crwn Svo. as. 6d.

junior Examination Series.

Edited by A. M. M. STEDMAN, M.A. Fcap. 8vo.

JUNIOR FRENCH EXAMINATION PAPERS. By F.

Jacob, B.A.
JUNIOR LATIN EXAMINATION PAPERS. By C. G.

BOTTING, M.A.
JUNIOR ENGLISH EXAMINATION PAPERS. By W.

Williamson, B.A., Headmaster West
Grammar School, Brockley.

By W.
Kent

JUNIOR ARITHMETIC EXAMINATION PAPERS. By
W. S. Beard, Headmaster Modern School, Fare-

ham.

JUNIOR ALGEBRA EXAMINATION PAPERS. By
W. S. Finn, M.A.

of
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How TO MAKE A DRESS. By J. A. E Wood.
Second Edition. Crown Svo. if. 6d.

CARPENTRY AND JOINERY. By F. C. Webber.
Second Edition. Crown Svo. 3.1. fid.

PRACTICAL MECHANICS. By Sidney H. Wells.
Second Edition. Crown Svo. $s. 6d.

PRACTICAL PHYSICS. By H. stroud, D.Sc., M.A.
Crown Svo. %s. 6d.

MILLINERY , THEORETICS AND PRACTICAL. By
Clare Hill. CrownSvo. -.

PRACTICAL CHEMISTRY. By W. French, M.A
Crown Svo. Part I. is. 6d.

PART II. FICTION
Marie Corelli's Novels.

Crown 8vt

A ROMANCE OF TWO WORLDS.
Twenty- Third Edition.

VENDETTA. Nineteenth Edition.
THELMA. Twenty-Eighth Edition.
ARDATH : THE STORY OF A DEAD
SELF. Fourteenth Edition.

THE SOUL OF LILITH. Eleventh Edit.
WORMWOOD. Twelfth Edition.
BARABBAS: A DREAM OF THE

6s. each.

WORLD'S TRAGEDY. Thirty-Eighth
Edition.

' The tender reverence of the treatment
and the imaginative beauty of the writing
have reconciled us to the daring of the con-

ception. This "Dream of the World's

Tragedy" is a lofty and not inadequate

paraphrase of the supreme climax of the

inspired narrative.
'

Dublin Review.
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THE SORROWS OF SATAN. Forty-
Sixth Edition.
'A very powerful piece of work. . . .

The conception is magnificent, and is likely
to win an abiding place within the memory
of man. . . . The author has immense com-
mand of language, and a limitless audacity.
. . . This interesting and remarkableromance
will live long after much of the ephemeral
literature of the day is forgotten. ... A
literary phenomenon . . . novel, and even
sublime. W. T. STEAD in the Review
ofReviews.

THE MASTER CHRISTIAN.
[165^ Thousand.

1
It cannot be denied that "The Master

Christian
"

is a powerful book ; that it is one
likely to raise uncomfortable questions in

all but the most self-satisfied readers, and
that it strikes at the root of the failure of
the Churches the decay of faith in a
manner which shows the inevitable disaster

heaping up ... The good Cardinal Bonpre
is a beautiful figure, fit to stand beside the

good Bishop in
" Les Miserables." It is a

book with a serious purpose expressed with
absolute unconventionally and passion . . .

And this is to say it is a book worth read-

ing.' Examiner.
TEMPORAL POWER: A STUDY IN
SUPREMACY.

[150^ Thousand.
'
It is impossible to read such a work as

"Temporal Power" without becoming con-
vinced that the story is intended to convey
certain criticisms on the ways of the world
and certain suggestions for the betterment
of humanity. . . . The chief characteristics
of the book are an attack on conventional

prejudices and manners and on certain

practices attributed to the Roman Church
(the policy of M. Combes makes parts of the
novel specially up to date), and the pro-
pounding of theories for the improvement
of the social and political systems. ... If

the chief intention of the book was to hold
the mirror up to shams, injustice, dishonesty,
cruelty, and neglect of conscience, nothing
but praise can be given to that intention.

1

Morning Post.

Anthony Hope's Novels.

Crown 8vo. 6s. each.

THE GOD IN THE CAR. Ninth Edition.
' A very remarkable book, deserving of

critical analysis impossible within our limit ;

brilliant, but not superficial ;
well con-

sidered, but not elaborated ; constructed
with the proverbial art that conceals, but

yet allows itself to be enjoyed by readers

to whom fine literary method is a keen

pleasure.' The World.

A CHANGE OF AIR. Sixth Edition.
'A graceful, vivacious comedy, true to

human nature. The characters are traced

with a masterly hand.' Times.

A MAN OF MARK. Fifth Edition.

'Of all Mr. Hope's books, "A Man of

Mark" is the one which best compares with
" The Prisoner of Zenda." 'National Ob-

server.

THE CHRONICLES OF COUNT
ANTONIO. Fifth Edition.

'It is a perfectly enchanting story of love

and chivalry, and pure romance. The
(

Count is the most constant, desperate, and

modest and tender of lovers, a peerless
gentleman, an intrepid fighter, a faithful

friend, and a magnanimous foe.' Guardian.
PHROSO. Illustrated by H. R. MILLAR.

Sixth Edition.
' The tale is thoroughly fresh, quick with

vitality, stirring the blood.
1

St. James's
Gazette.

SIMON DALE. Illustrated. Sixth Edition.
'There is searching analysis of human

nature, with a most ingeniously constructed

plot. Mr. Hope has drawn the contrasts

of his women with marvellous subtlety and
delicacy.

'

Times.
THE KING'S MIRROR. Fourth Edition.

' In elegance, delicacy, and tact it ranks
with the best of his novels, while in the wide

range of its portraiture and the subtilty
of its analysis it surpasses all his earlier

ventures. 'Spectator.
QUISANTE. Third Edition.

' The book is notable for a very high liter-

ary quality, and an impress of power and

mastery on every page.' Daily Chronicle.

W. W. Jacobs' Novels.

Crown Qvo.

MANY CARGOES. Twenty-Sixth Edition.

SEA URCHINS. Ninth Edition.

A MASTER OF CRAFT. Illustrated.

Fifth Edition.
'Can be unreservedly recommended to

all who have not lost their appetite for

wholesome laughter.
'

Spectator.
'The best humorous book published for

many a day.' Black and White.

Illustrated. Fourth
3^. 6d. each.

LIGHT FREIGHTS.
Edition.

' His wit and humour are perfectly irresis-

tible. Mr. Jacobs writes of skippers, and

mates, and seamen, and his crew are the

jolliest lot that ever sailed.' Daily News.
1

Laughter in every page." Daily Mail.
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Lucas Malet's Novels.
Crown vo. 6s. each.

COLONEL ENDERBY'S WIFE. Third
Edition.

A COUNSEL OF PERFECTION. New
Edition.

LITTLE PETER. Second Edition, y. 6d.

THE WAGES OF SIN. Thirteenth Edition.

THE CARISSIMA. Fourth Edition.

THE GATELESS BARRIER. Fourth
Edition.

' In " The Gateless Barrier" it is at once
evident that, whilst Lucas Malet has pre-
served her birthright of originality, the

artistry, the actual writing, is above even
the high level of the books that were born
before.' Westminster Gazette.

THE HISTORY OF SIR RICHARD
CALMADY. Seventh Edition. A Limited
Edition in Two Volumes. Crown 8v0. \zs.

' A picture finely and amply conceived.

In the strength and insight in which the

story has been conceived, in the wealth of

fancy and reflection bestowed upon its

execution, and in the moving sincerity of its

pathos throughout, "Sir Richard Calmady"
must rank as the great novel of a great
writer.

'

Literature.
' The ripest fruit of Lucas Malet's genius.

A picture of maternal love by turns tender
and terrible.' Spectator.
'A remarkably fine book, with a noble

motive and a sound conclusion.' Pilot.

Gilbert Parker's Novels.

Crown %vo. 6s. each.

PIERRE AND HIS PEOPLE. Fifth Edi-
tion.

'
Stories happily conceived and finely ex-

ecuted. There is strength and genius in

Mr. Parker's style.' Daily Telegraph.
MRS. FALCHION. Fourth Edition.

' A splendid study of character.
'

A thentzum.

THE TRANSLATION OF A SAVAGE.
Second Edition.

THE TRAIL OF THE SWORD. Illus-

trated. Seventh Edition,
' A rousing and dramatic tale. A book

like this is a joy inexpressible.'

Daily Chronicle.

WHENVALMOND CAMETO PONTIAC:
The Story of a Lost Napoleon. Fifth
Edition.

' Here we find romance real, breathing,
living romance. The character of Valmond
is drawn unerringly.

' Pall Mall Gazette.

AN ADVENTURER OF THE NORTH :

The Last Adventures of 'Pretty Pierre.'

Second Edition.
' The present book is full of fine and mov-

ing stones of the great North.' Glasgow
Herald.

THE SEATS OF THE MIGHTY. Illus-

trated. Twelfth Edition.
' Mr. Parker has produced a really fine

historical novel.' Athenccum.
' A great book.' Black and White.

THE BATTLE OF THE STRONG: a
Romance of Two Kingdoms. Illustrated.

Fourth Edition.
1

Nothing more vigorous or more human
has come from Mr. Gilbert Parker than this

novel.
'

Literature.
THE POMP OF THE LAVILETTES.

Second Edition. y. 6d.

'Unforced pathos, and a deeper know-
ledge of human nature than he has displayed
before.'Pall Mall Gazette.

Arthur Morrison's Novels.
Crown Svo. 6s. each.

MEAN STREETS. FifthTALES OF
Edition.

' A great book. The author's method is

amazingly effective, and produces a thrilling
sense of reality. The writer lays upon us
a master hand. The book is simply appalling
and irresistible in its interest. It is humorous
also ; without humour it would not make the
mark it is certain to make.' World.

ACH ILD OF THE JAGO. Fourth Edition.
'The book is a masterpiece.' Pall Mall

Gazette.
TO LONDON TOWN. Second Edition.

'This is the new Mr. Arthur Morrison,
gracious and tender, sympathetic and
human.' Daily Telegraph.

CUNNING MURRELL.
'Admirable. . . . Delightful humorous

relief ... a most artistic and satisfactory
achievement.

'

Spectator.
THE HOLE IN THE WALL. Third

Edition.
' A masterpiece of artistic realism. It has

a finality of touch that only a master may
command.' Daily Chronicle.

'An absolute masterpiece, which any
novelist might be proud to claim.' Graphic.

/
" The Hole in the Wall" is a masterly

piece of work. His characters are drawn
with amazing skill. Extraordinary power.

1

Daily Telegraph.
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Harris Dickson. THE BLACK WOLF'S
BREED. Illustrated. Second Edition.
Crown 8vo. 6s.

A. Conan Doyle, Author of 'Sherlock

Holmes,' 'The White Company,' etc.

ROUND THE RED LAMP. Eighth
Edition. Crown 8vo. 6s.

' The book is far and away the best view
that has been vouchsafed us behind the
scenes of the consulting-room." Illustrated
London News.

Sara Jeannette Duncan (Mrs. Everard
Cotes), Author of 'A Voyage of Consola-
tion.' THOSE DELIGHTFUL
AMERICANS. Illustrated. Third Edi-
tion. Crown 8vo. 6s.

' A rattling picture of American life,

bright and good-tempered throughout."
Scotsman.
THE PATH OF A STAR. Illustrated.

Second Edition. Crown 8vo. 6s.

See also Fleur de Lis Novels.
C. F. Embree. A HEART OF FLAME.
Crown 8vo. 6s.

G. ManviUe Fenn. AN ELECTRIC
SPARK. Crown 8vo. 6s.

ELI'S CHILDREN. Crown 8vo. ?s.6ct.

A DOUBLE KNOT. Crown 8vo. zs. 6d.

See also Fleur de Lis Novels.
J. H. Findlater. THE GREEN GRAVES
OF BALGOWRIE. Fourth Edition
Crown 8vo. 6s.

1 A powerful and vivid story.' Standard.
'A beautiful story, sad and strange as

truth itself.' Vanity Fair.
' A singularly original, clever, and beauti-

ful story." Guardian.
A DAUGHTER OF STRIFE. Crown
8vo. 6s.

See also Fleur de Lis Novels.

Mary Findlater. OVER THE HILLS.
Second Edition. Crown 8vo. 6s.

BETTY MUSGRAVE. Second Edition.
Crown 8vo. 6s.

A NARROW WAY. Third Edition.
Crown 8vo. 6s.

J.S.Fletcher. THE BUILDERS. Crown
8vo. 6s.

See also Fleur de Lis Novels.
M. E. Francis. MISS ERIN, second

Edition. Crown 8vo. 6s.

Tom Gallon, Author of 'Kiddy.' RICK-
ERBY'S FOLLY. Crown 8vo. 6s.

Mary Gaunt. DEADMAN'S. Crown 8vo.

THE MOVING FINGER. Crown 8vo.

35. 6d.

See also Fleur de Lis Novels.
Dorothea Gerard, Author of 'Lady Baby.'
THE MILLION. Crown 8v0. 6s.

THE CONQUEST OF LONDON.
Second Edition. Crown 8vo. 6s.

THE SUPREME CRIME. Cr. 8vo. 6s.

HOLY MATRIMONY. Second Edition.
Crown 8vo. 6s.

'The love story which it enshrines is a

very pretty and tender one.' Morning
Leader.

'

Distinctly interesting.' Athen&um.
THINGS THAT HAVE HAPPENED.
Crown 8vo. 6s.

R. Murray Gilchrist. WILLOWBRAKE.
Crown 8vo. 6s.

Algernon Gissing. THE KEYS OF THE
HOUSE. Crown 8ro. dr.

George Gissing, Author of '

Demos,'
' In the

Year of Jubilee,' etc. THE TOWN
TRAVELLER. Second Edition. Crown
8vo. 6s.

THE CROWN OF LIFE. CrownSvo. 6s.

Ernest GlanviUe. THE KLOOF BRIDE.
Crown 8vo. 3$. 6d.

THE LOST REGIMENT. Crown Svo.

3s. 6d.

THE DESPATCH RIDER Crmvn 8vo.

T*HE INCA'S TREASURE. Illustrated.

Crown 8vo. 3$. 6d.
' No lack ofexciting incident.

'

Scotsman.
1 Most thrilling and exciting.'

Glasgow Herald.
Charles Gleig. BUNTER'S CRUISE.

Illustrated. Crown 8vo. 3$ . 6d.

Julien Gordon. MRS. CLYDE. Crown
8vo. 6s.

'A clever picture of many phases of

feminine and American life.'

Daily Express.
'
Full of vivacity, with many excruciatingly

clever and entertaining scenes.' Pilot.

S. Gordon. A HANDFUL OF EXOTICS.
Crown 8vo. 35. 6d.

C. F. GOBS. THE REDEMPTION OF
DAVID CORSON. Third Edition.
Crown 8vo. 6s.

E. M'Queen Gray. ELSA. Crown Bvo. 6s.

MY STEWARDSHIP. CrownZvo. 2s.6d.

A. G. Hales. JAIR THE APOSTATE.
Illustrated. Crown Zvo. 6s.

' An extraordinarily vivid story.
' World.

' Mr. Hales has a vivid pen, and the

scenesaredescribedwithvigourand colour.'

Morning Post.

Lord Ernest Hamilton. MARY HAMIL-
TON. Third Edition. Crown 8vo. 6s.

Mrs. Burton Harrison. A PRINCESS
OF THE HILLS. Illustrated. Crown 8vo.

6s.

'Vigorous, swift, exciting.
1

Outlook.
'A singularly pleasant story of the Tyrol.

'

Morning Post.

Robert HiChenS, Author of 'Flames,'
etc. THE PROPHET OF BERKELEY
SQUARE. Second Edition. Crown 8vo.

6s.
' One continuous sparkle. Mr. Hichens

is witty, satirical, caustic, irresistibly hum-
orous." Birmingham Gazette.

TONGUES OF CONSCIENCE. Second
Edition. Crown 8vo. 6s.

FELIX. Fourth Edition. Crown 8vo. 6s.
1 Firm in texture, sane, sincere, and
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natural. "Felix" is a clever book, and in

many respects a true one.
'

Daily Chronicle.
1 A really powerful book.'

Morning Leader.
'The story is related with unflagging

spirit.'-World.
' " Felix

"
will undoubtedly add to a con-

siderable reputation.' Daily Mail.
See also Fleur de Lis Novels.

John Oliver Hobbes, Author of 'Robert

Orange.' THE SERIOUS WOOING.
Crown 8vo. 6s.

'Mrs. Craigie is as brilliant as she ever
has been ; her characters are all illuminated
with sparkling gems of description, and the

conversation scintillates with an almost

bewildering blaze.' Athenceum.
Anihony Hope. See page 32.
I. Hooper. THE SINGER OF MARLY.

Crown 8vo. 6s.

Violet Hunt. THE HUMAN IN-
TEREST. Crown 8v0. 6s.

C. J. CutCliffe Hyne, Author of 'Captain
Kettle.' PRINCE RUPERT THE
BUCCANEER. With 8 Illustrations.

Second Edition. Crown %vo. 6s.

MR. HORROCKS, PURSER. Crown
8v0. 6s.

W. W. Jacobs. See page 32.

Henry James, Author of 'What Maisie
Knew.' THE SACRED FOUNT.
Crown %vo. 6s.

THE SOFT SIDE. Second Edition.
Crown 8v0. 6s.

C. F. Keary. THE JOURNALIST.
Crown 8vo. 6s.

Florence Finch Kelly. WITH HOOPS
OF STEEL. Crown 8v0. 6s.

Hon. Emily Lawless. TRAITS AND
CONFIDENCES. Crown 8vo. 6s.

WITH ESSEX IN IRELAND. New
Edition. Crown 8vo. 6s.

See also Fleur de Lis Novels.

Harry Lawson, Author of ' When the Billy
Boils.' CHILDREN OF THE BUSH.
Crown %vo. 6s.

' Full of human sympathy and the genuine
flavour ofa wild, untrammelled, unsophisti-
cated life.

'

Morning Leader.
' The author writes ofthe wild, picturesque

life 'out back,' with all the affection of a
native and the penetrating insight of long
observation.' Daily Telegraph.

E. Lynn Linton. THE TRUE HISTORY
OF JOSHUA DAVIDSON, Christian and
Communist. Eleventh Edition. Crown
8vo. is.

Norma Loximer. MIRRY ANN. Crown
8vo. 6s.

JOSIAH'S WIFE. Crown 8vo. 6s.

Charles K. Lush, THE AUTOCRATS.
Crown 8vo. 6s.

Edna Lyall. DERRICK VAUGHAN,
NOVELIST. 42nd thousand. Crown 81-0.

3*. 6d.

S. Macnaughtan. THE FORTUNE OF
CHRISTINA MACNAB. SecondEdition.
Crown 8vo. 6s.

A. Macdonell. THE STORY OF
TERESA. Crown 8vo. 6s.

Harold Macgrath. THE PUPPET
CROWN. Illustrated. Crown 8vo. 6s.

Lucas Malet. See page 33.
Mrs. M. E. Mann. OLIVIA'S SUMMER.

Second Edition. Crown 8vo. 6s.
' An exceptionally clever book, told with

consummate artistry and reticence.' Daily
Mail.

' Full ofshrewd insight and quiet humour.'

Academy.
'

Wholly delightful ; a very beautiful and
refreshing tale.'Pall Mall Gazette.

' The author touches nothing that she does
not adorn, so delicate and firm is her hold.'

Manchester Guardian.
1 A powerful story.

'

Times.
Richard Marsh. BOTH SIDES OF THE
VEIL. Second Edition. Crown 8vo. 6s.

THE SEEN AND THE UNSEEN.
Crown 8vo. 6s.

MARVELS AND MYSTERIES. Crown
8vo. 6s.

THE TWICKENHAM PEERAGE.
Second Edition. Crown 8v0. 6s.

'
It is a long time since my Baronite read

a novel of such entrancing interest as ' The
Twickenham Peerage.' He recommends
the gentle reader to get the book. In addi-
tion to its breathless interest, it is full of
character and bubbling with fun.' Punch.

A. E. W. Mason, Author of ' The Courtship
of Morrice Buckler,' 'Miranda of the Bal-

cony,' etc. CLEMENTINA. Illustrated.

Crown 8vo. 6s.
' A romance of the most delicate ingenuity

and humour . . . the very quintessence of
romance.

'

Spectator.
Helen Mathers, Author of 'Comin' thro'

the Rye.' HONEY. Fourth Edition.
Crown 8vo. 6s.

'Racy, pointed, and entertaining."
Vanity Fair.

'Honey is a splendid girl.' Daily
Express.
'A vigorously written story, full of clever

things, a piquant blend of sweet and sharp.'
Daily Telegraph.

L. T. Meade. DRIFT. Crown 8vo. 6s.

Bertram Mitford. THE SIGN OF THE
SPIDER. Illustrated. Fifth Edition.
Crown 8v0. 3^. 6d.

F. F. MontreSOr, Author of ' Into the High-
ways and Hedges.' THE ALIEN. Second
Edition. Crown 8vo. 6s.

.

'

Fresh, unconventional, and instinct with
human sympathy.

'

Manchester Guardian.
' Miss Montresor creates her tragedy out

of passions and necessities elementarily
human. Perfect art.' Spectator.

Arthur Morrison. See page 33 .
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W. E. Norrls. THE CREDIT OF THE
COUNTY. Illustrated. Second Edition.
Crown 8z>0. 6s.

'A capital novel it is, deftly woven to-

gether of the comedy and tragedy of life.'

Yorkshire Post.
'
It is excellent keen, graceful, diverting.'
Times.

THE EMBARRASSING ORPHAN.
Crown 8v0. 6s.

HIS GRACE. Third Edition. Crown
8vo. 6s.

THE DESPOTIC LADY. Crowntvo. 6s.

CLARISSA FURIOSA. Crownlvo. 6s.

GILES INGILBY. Illustrated. Second
Edition. Crown 8v0. 6s.

AN OCTAVE. Second Edition. Crown
8vo. 6s.

A DEPLORABLE AFFAIR. Crown 8v0.

3S. 6d.

JACK'S FATHER. Crown 8vo. ys. 6d.

See also Fleur de Lis Novels.

Mrs. Oliphant. THE TWO MARYS.
Crown 8v0. 6s.

THE LADY'S WALK. Crown 8vo. 6s.

THE PRODIGALS. Crown 8vo. 35. 6d.

See also Fleur de Lis Novels.

Alfred Ollivant. OWD BOB, THE GREY
DOG OF KENMUIR. Fifth Edition.
Crown 8v0. 6s.

'Weird, thrilling, strikingly graphic.'
Punch.

' We admire this book ... It is one to

read with admiration and to praise with
enthusiasm.' Bookman.

'
It is a fine, open-air, blood-stirring book,

to be enjoyed by every man and woman to

whom a dog is dear.' Literature.

E. Phillips Oppenheim. MASTER OF
MEN. Second Edition. Crown 8vo. 6s.

Gilbert Parker. See page 33.
James Blythe Patton. BIJLI, THE
DANCER. Crown 8vo. 6s.

MaxPemberton. THE FOOTSTEPS OF
A THRONE. Illustrated. Second Edi-
tion. Crown 8vo. 6s.

' A story of pure adventure, with a sensa-

tion on every page.' Daily Mail.
I CROWN THEE KING. With Illus-

trations by Frank Dadd and A. Forrestier.

Crown 8v0. 6s.
'A romance of high adrenture, of love and

war.
'

Daily News.
Mrs. F. E. Penny. A FOREST OFFICER.
Crown 8vo. 6s.

Eden PhillpOttS. See page 34.

'Q,' Author of 'Dead Man's Rock.' THE
WHITE WOLF. Second Edition. Crown
8v0. 6s.

Every story is an accomplished romance
in its own way.' Scotsman.

' The poet's vein, the breadth ofvision, the
touch of mysticism are plain in all.' Times.

R. Orton Prowse. THE POISON OF
ASPS. Crown 2vo. 35. 6d.

Richard Pryce. TIME AND THE
WOMAN. Crown 8v0. 6s.

THE QUIET MRS. FLEMING. Crown
8v0. $s. 6d.

Walter Raymond, Author of 'Love and
Quiet Life.

1 FORTUNE'S DARLING.
Crown Svo. 6s.

Edith Rickert. OUT OF THE CYPRESS
SWAMP. Crown 8vo. 6s.

W. Pett Ridge. LOST PROPERTY.
Second Edition. Crown 8vo. 6s.

1 The story is an interesting and animated
picture of the struggle for life in London,
with a natural humour and tenderness of its

own.
'

Scots-man
'A simple, delicate bit of work, which

will give pleasure to many. Much study of
the masses has made him, not mad, but

strong, and wonder of wonders cheerful.'

Times.
A SON OF THE STATE. Crown 8vo.

3s. 6d.

SECRETARY TO BAYNE, M.P. Crown

C. (Tb. Roberts. THE HEART OF THE
ANCIENT WOOD. Crown 8v0. 3s. 6d.

Mrs. M. H. Roberton. A GALLANT
QUAKER. Illustrated. Crown 87-0. 6s.

W. Clark Russell. MY DANISH SWEET-
HEART. Illustrated. Fourth Edition.
Crown 8vo. 6s.

Grace Rhys. THE WOOING OF
SHEILA. Second Edition. CrownZvo. 6s.

' A really fine book. A book that deserves
to live. Sheila is the sweetest heroine who
has lived in a novelist's pages for many a

day. Every scene and every incident has
the impress of truth. It is a masterly ro-

mance, and one that should be widely read
and appreciated.' Morning Leader.

W. Satchea THE LANDOF THE LOST.
Crown 8v0. 6s.

MarshaU Saunders. ROSE A CHAR-
LITTE. Crown 8vo. 6s.

W. C. Scully. THEWHITE HECATOMB.
Crown 8v0. 6s.

BETWEEN SUN AND SAND. Crown

A^VENDETTA OF THE DESERT.
Crown &i>o. 35. 6d.

Adeline Sergeant. Author of ' The Story of
a Penitent Soul.' A GREAT LADY.
Crown 8vo. 6s.

THE MASTER OF BEECHWOOD.
Crown 8v0. 6s.

BARBARA'S MONEY. Second Edition.
Crown 8v0. 6s.

' Full of life and incident, and Barbara is

a delightful heroine.' Daily Express.
'An unusually entertaining story.'

World.
W. F. Shannon. THE MESS DECK.

Crown 8vo. 3.9. 6d.

JIM TWELVES. Second Edition. Crown
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' Full of quaint humour, wise saws, and

deep-sea philosophy.
'

Morning' Leader.
'In "Jim Twelves" Mr. Shannon has

created a delightful character.' Punch,
1

Bright and lively reading throughout."
Telegraph.

Helen Shipton. THE STRONG GOD
CIRCUMSTANCE. Crown 8vo. 6s.

R. N. Stephens. A GENTLEMAN
PLAYER. Crown 8vo. 6s.

See also Fleur de Lis Novels.

E. H. Strain. ELMSLIE'S DRAG-NET.
Crown 8z>0. 6s.

Esme" Stuart. A WOMAN OF FORTY.
Crown 8v0. 3^. bd,

CHRISTALLA. Crown 8vo. 6s.

Duchess of Sutherland. ONE HOUR
AND THE NEXT. Third Edition.
Crown &vo. 6s.

Annie Swan. LOVE GROWN COLD.
Second Edition. Crown 8z>0. 5$.

Benjamin Swift. SIREN CITY. Crown
8v0. 6s.

SORDON. Crown 8vo. 6s.

R. B. TOWnshend. LONE PINE : A Ro-
mance of Mexican Life. Crown 8v0. 6s.

Paul Waineman. A HEROINE FROM
FINLAND. Crown 8vo. 6s.

' A lovely tale.
' Manchester Guardian.

' A vivid picture of pastoral life in a
beautiful and too little known country."

Pall Mall Gazette.

Victor Waite. CROSS TRAILS. Crown

H. B? Marriott Watson. THE SKIRTS
OF HAPPY CHANCE. Illustrated.

Second Edition. Crown 8v0. 6s.

H. G. Wells. THE STOLEN BACILLUS,
and other Stories. Second Edition. Crown
8?'ff. 3.?. 6d.

THE PLATTNER STORY AND OTHERS.
Second Edition. Crown 8vo. 3$. 6d.

THE SEA LADY. Crown 8vo. 6s.
1 A strange, fantastic tale, a really beauti-

ful idyll.' Standard.
' In literary charm, in inventiveness, in fun

and humour, it is equal to the best of Mr.
Wells' stories.' Daily News.

'

Highly successful farce and plenty of

polished satire.' Daily Mail.
TALES OF SPACE AND TIME.
Crown 8vo. 6s.

WHEN THE SLEEPER WAKES.
Crown 8v0. 6s.

THE INVISIBLE MAN. CrownZvo. 6s.

LOVE AND MR. LEWISHAM. Crown
8u0. 6s.

Stanley Weyman, Author of ' A Gentleman
of Prance.' UNDER THE RED ROBE.
With. Illustratious by R. C. WOODVILLE.
Seventeenth Edition. Crown 8v0. 6s.

'

Every one who reads books at all must
read this thrilling romance, from the first

page of which to the last the breathless
reader is haled along. An inspiration of
manliness and courage.' Daily Chronicle.

Mrs. C. N. Williamson, Author of "The
Barnstormers.' PAPA. Second Edition.
Crown 8z>0. 6s.

' Full of startling adventures and sen-

sational episodes.
'

Daily Graphic.
THE ADVENTURE OF PRINCESS
SLYVIA. Crown 8v0. y.6d.

C. N. and A. M. Williamson. THE
LIGHTNING CONDUCTOR : Being
the Romance of a Motor Car. Illustrated.

Crown 8vo. 6s.
' A very ingenious and diverting book.'

Morning Leader.

Zack, Author of ' Life is Life.' TALES OF
DUNSTABLE WEIR. Crown 8v0. 6s.

X.L. AUT DIABOLUS AUT NIHIL.
i Crown &vo. $s. 6d.

Ube ffleur fce 3Lis IRovels
Crown 8v0. *. 6d.

MESSRS. METHUEN are now publishing a cheaper issue of some of their popular
Novels in a new and most charming style of binding.

Andrew Balfour.
TO ARMS!

Jane Barlow.
A CREEL OF IRISH STORIES.

E. F. Benson.
THE VINTAGE.

J. Bloundelle-Burton.
IN THE DAY OF ADVERSITY.

Mrs. Caffyn (lota).
ANNE MAULEVERER.

Mrs. W. K. Cliftord.
A FLASH OF SUMMER.

L. Cope Cornford.
SONS OF ADVERSITY.

Menie Muriel Dowie.
THE CROOK OF THE BOUGH.

Mrs. Dudeney.
THE THIRD FLOOR.

Sara Jeannette Duncan.
A VOYAGE OF CONSOLATION.

G. Manville Fenn.
THE STAR GAZERS.

Jane H. Findlater.
RACHEL.

Jane H. and Mary Findlater.
TALES THAT ARE TOLD.

J. S. Fletcher.
THE PATHS OF THE PRUDENT.

Mary Gaunt.
KlRKHAM'S FIND.

Robert Hichens.
BYEWAYS.



MESSRS. METHUEN'S CATALOGUE

Emily Lawless.
HURRISH.
MAELCHO.

W. E. Norris.
MATTHEW AUSTIN.

Mrs. Oliphant.
SIR ROBERT'S FORTUNE.

Mary A. Owen.
THE DAUGHTER OF ALOUETTE.

Mary L. Tendered.
AN ENGLISHMAN.

Morley Roberts.
THE PLUNDERERS.

R. N. Stephens.
AN ENEMY TO THE KING.

Mrs. Walford.
SUCCESSORS TO THE TITLE.

Percy White.
A PASSIONATE PILGRIM.

$oofcs for

Crown 8vo.

anD <5frls

v. (>d.

THE ICELANDER'S SWORD. By s. Baring-Gouid.
Two LITTLE CHILDREN AND CHING. By Edith E.

Cuthell.
TODDLEBEN'S HERO. By M. M. Blake.
ONLY A GUARD-ROOM DOG. By Edith E. Cuthell.
THE DOCTOR OF THE JULIET. By Harry Colling-
wood.

MASTER ROCKAFELLAR'S VOYAGE. By w. Clark
Russell.

SYD BELTON : Or, the Boy who would not go to Sea
By G. Manville Fenn.

THE RED GRANGE. By Mrs. Molesworth.
THE SECRET OF MADAME DE MONLUC. By the
Author of Mdle. Mori.'

DUMPS. By Mrs. Parr.
A GIRL OF THE PEOPLE. By L. T. Meade.
HEPSY GIPSY. By L. T. Meade. ss. 6d.
THE HONOURABLE Miss. By L. T. Meade.

MESSRS. METHUEN are issuing under the above general title a Monthly Series
of Novels by popular authors at the price of Sixpence. Each number is as long as
the average Six Shilling Novel. The first numbers of 'THE NOVELIST' are as
follows :

I. DEAD MEN TELL NO; TALES. By E. w.
Hornung.

II. JENNIE BAXTER, JOURNALIST. By Robert
Barr.

III. THE iNCA'STREASURE.'By Ernest Glanville.

IV. A SON OF THE STATE. By W. Pett Ridge.
V. FURZE BLOOM. By S. Baring-Gould.
VI. BUNTER'S CRUISE. By C. Gleig.

VII. THE GAY DECEIVERS. By Arthur Moore.
VIII. PRISONERS OF WAR. By A. Boyson Weekes.
IX. Out ofprint,
X. VELDT AND LAAGER : Tales of the Transvaal.

By E. S. Valentine.
XI. THE NIGGER KNIGHTS. By F. Norreys

Connel.
XII. A MARRIAGE AT SEA. By W. Clark Russell.

XIII. THE POMP OF THE LAVILETTES. By
Gilbert Parker.

XIV. A MAN OF MARK. By Anthony Hope.
XV. THE CARISSIMA. By Lucas Malet.
XVI. THE LADY'S WALK. By Mrs. Oliphant.
XVII. DERRICK VAUGHAN. By Edna Lyall..
XVIII. IN THE MIDST OF ALARMS. By Robert

Barr.

XIX. His GRACE. By W. E. Norris.
XX. DODO. By E. F. Benson.
XXI. CHEAP TACK 2ITA. By S. Baring-Gould.
XXII. WHEN VALMOND CAME TO PONTIAC. By

Gilbert Parker.
XXIII. THE HUMAN BOY. By Eden Phillpotts.
XXIV. THE CHRONICLES OF COUNT ANTONIO.

By Anthony Hope.
XXV. BY STROKE OF SWORD. By Andrew

Balfour.
XXVI. KITTY ALONE. By S. Baring-Gould.
XXVII. GILES INGILBY. By W. E. Norris.
XXVIII. URITH. By S. Baring-Gould.
XXIX. THE TOWN TRAVELLER. By George

Gissing.
XXX. MR. SMITH. By Mrs. Walford.
XXXI. A CHANGE OF AIR. By Anthony Hope
XXXII. THE KLOOF BRIDE. By Ernest Glanville
XXXIII. ANGEL. By B. M. Croker.
XXXIV. A COUNSEL OF PERFECTION. By Lucas

Malet.
xxxv. THE BABY'S GRANDMOTHER. By Mrs.

L. B. Walford.
XXXVI. THE COUNTESS TEKLA. By Robert Barr

dfcetbuen'0 Sigpenng 3Libtarg
THE MATABELE CAMPAIGN. By Major-General
Baden-Powell.

THE DOWNFALL OF PREMPEH. By Major-General
Baden-Powell.

MY DANISH SWEETHEART. By W. Clark Russell.
IN THE ROAR OF THE SEA. By S. Baring-
Gould.

PEGGY OF THE BARTONS. By B. M. Croker.
THE GREEN GRAVES OF BALGOWRIE. By Jane
H. Findlater.

THE STOLEN BACILLUS. By H. G. Wells.
MATTHEW AUSTIN. By W. E. Norris.
THE CONQUEST OF LONDON. By Dorothea
Gerard.

A VOYAGE OF CONSOLATION. By Sara J. Duncan.
THE MUTABLE MANY. By Robert Barr.
BEN HUR. By General Lew Wallace.
SIR ROBERT'S FORTUNE. By Mrs. Olipbant.

THE FAIR GOD. By General Lew Wallace.
CLARISSA FURIOSA. By W. E. Norris.
CRANFORD. By Mrs. Gaskell.
NOEMI. By S. Baring-Gould.
THE THRONE OF DAVID. By J. H. Ingrahara.
ACROSS THB SALT SEAS. By J. Bloundelle
Burton.
THE MILL ON THE FLOSS. By George Eliot.
PETER SIMPLE. By Captain Marryat.
MARY BARTON. By Mrs. Gaskell.
PRIDE AND PREJUDICE. By Jane Austen.
NORTH AND SOUTH. By Mrs. Gaskell.

JACOB FAITHFUL. By Captain Marryat.
SHIRLEY. By Charlotte Bronte.
FAIRY TALES RE-TOLD. By S. Baring Gould.
THE TRUE HISTORY OF JOSHUA DAVIDSON. By
Mrs. Lynn Linton.
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